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DEFINITIVE    ORBIT 

By  HENRY    A    PECK 

The  collection  and  reduction  of  the  observations  of  the 

comet   1902  III  were  begun  here  at  Syracuse  about  rive 

i.     After  considerable  preliminary  work  had  been 

nplished,    pressjng     luties   in    connection    with    the 

University  caused  an  interruption  and  the  whole  matter 

was   laid   a<;de  awaiting  a   more  opportune  time.     Two 

years  ago  this  autumn.  Mr.  Lot  IS  Linds  ember  of 

a  staff  of  the  Naval  Observatory  and  the 

Nautical  Almanac  office  at  V\  ashington,  came  to  Syracuse 

as  a  post-graduate  student  in  mathematics  and  astronomy. 

The  fact  that  his  experience  had  directly  fitted  him  for  the 

task  I  that  in  connection  with  his  astronomical 

work,  the  delayed  orbit  might  be  completed. 

Both  the  joint  authors  have  to  a  certain  extent  taken 
part  in  all  portions  oi  the  work.  Certain  portions  how- 
ever have  been  carried  through  by  Mr.  Lixdsey  practically 
alone.  These  include  the  greater  share  of  the  ephemeris. 
the   preparation  of   the  catalog  of  eompari-  3,  the 

computation  of  the  perturbations  and  the  comparison  of 
the  first  half  of  the  observations  with  the  ephemeris.  The 
work  has  been  checked  throughout  wherever  possible. 

History  of  the  Comet. 

With  the  exception  of  the  famous  periodic  comets,  few 
comets  of  modern  times  have  been  followed  more  closely 
than  was  Comet  1002  III.  Discovered  on  the  3 1  st  of 
v  Pebbixe  at  Mount  Hamilton,  it  was  visible 
over  a  period  of  moie  than  seven  months.  During  that 
I 

cension  and.  nearly  one  hundred  and  three  degrees  in  dec- 
lination. !t  was  a  fairly  conspicuous  object  in  the  sky 
of  both  hemisphe 

At  its  discovery  the  comet  had  the  brightni  -•  star 

of  the  ninth  magnitude.  The  diameter  of  the  coma  was 
about  four  minutes.  A  nucleus  of  the  eleventh  magnitude 
and  a  short  tail  were  to  be  observed.  By  the  end  of  Sep- 
tember it  was  visible  to  the  naked  eye.  shining  with  the 
brightness  of  a  star  of  the  fourth  magnitude.  The  tail 
was  never  very  conspicuous  to  the  unaided  eye.  On  the 
photographic  plates  it  was  seen  to  be  divide.!  into  several 


OF   COMET    1902    III. 

and    Lulls   LIXDSEY. 

pans  and  was  about  three  degrees  long.  The  last  measure- 
ments before  perihelion  were  made  by  Howe  at  Denver 
and  by  the  staff  at  Mount  Hamilton. 

<  )n  November  29  it  approached  Me  c  •      within  about 

two  million  miles.     The  perturbations  arising  from  this 

approach  were  considered  in  a  special  paper  by  Stro.mgrex. 

The\-  are  quite  small  on  account  of  the  inconsiderable 

of  Mi  reury. 

After  perihelion  the  comet  was  first  seen  on  December  11 
by  Obkecht  at  Santiago  and  later  by  Tebbut  at  Windsor. 
For  upwards  of  six  weeks  these  two  were  the  only  observers 
until  the  comet  was  found  on  January  29  and  30  by  ob- 
servers at  Denverand  Mount  Hamilton  in  declination  — 40°. 
Gradually  observatories  in  less  favored  positions  joined 
in  the  observations.  It  had  by  this  time  the  brightness  of 
an  eleventh  magnitude  star  and  was  an  indistinct,  round 
nebulous  disc  with  a  nucleus.  The  last  measure  was  made 
by  Howe  at  Denver  on  March  30.  On  April  27  no  trace 
was  to  be  found  in  the  36-inch  at  Mount  Hamilton. 

The  Ephemeris. 

The  work  is  based  upon  the  elements  given  by  Aitkin 
in  the  Lick  Observatory  Bulletin,  No.  28.  These  elements 
are: 

T  =  1902  November  23.85514  G.M.T. 

<o  =  152  .57  50.5  ) 
SI  =    40  21   17.3  -   1002.0 
i  =  156  21     5,1 ) 
logg  =  9.603212 

The  constants  for  the  equator  1002.0  are 

.c  =  i- [9.978891]  sin  (196    6  23  3 

=  r  [9.996588]  sin  (288  24  39.3 

r  =  r  [9.517160]  sin    219  35  14.7 

and  the  constants  for  the  equator  of  1003.0  are 

x  =  r  [9.978881]  sin  (196     5  .12.7 
*  996584]  sin  (2SS  23  55.7 

3  =  /•  [0.517273]  sin  ;.10  34  50.S-r 
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On  account  of  the  necessity  of  compressing  the  material 
within  the  limits  of  a  paper  of  moderate  length  it  has 
been  necessary  to  omit  the  ephemeris. 


The  Comparison  Stars. 

The  catalog  of  Comparison  Stars  contains  six  hundred 
and  fifteen  stars.  The  greater  share  of  the  material  was 
obtained  by  Mr.  Lindsey  in  the  summer  of  1909  while 
engaged  as  a  computer  at  theofficeof  the  Nautical  Almanac 
in  Washington.  On  account  of  the  wide  range  represent- 
ed in  both  right  ascension  and  declination,  this  work  was 
extremely  laborious  and  nearly  every  catalog  contained 
in  the  library  of  the  Naval  Observatory  was  consulted. 
Among  the  principal  catalogs  used  were  the  Zone  Catalog's 
of  the  Astronumische  Gesellschaft  for  Helsingfors,  Bonn, 
Cambridge  (Eng.)  Cambridge  (Har.)  Lund,  Leiden, 
Berlin  A  ami  B,  Leipzig  1  and  II,  Albany,  Nicolajew 
Ottakring,  Strassburg,  Harvard  and  Washington;  the 
various  Greenwich  and  Cape  catalogs;  the  Lick  catalogs; 
the  fundamental  catalogs  of  Newcomb,  Peters  and  Boss; 
and  also  a  varied  list  of  different  degrees  of  authority  such 
as  Oeltzen's  Argelander,  Bessel,  Bonn,  B.B.  VI,  Paris, 
Catania,  Heidelberg,  Perth,  I'alisa,  Gottingen,  Warsau, 
D'Abbadia,  U.S.  Naval  Observatory,  Second  Washington, 
Radcliffe,  Santiago, Toulouse,  Cordoba  General.  Cordoba 
Zone,  Cincinnati,  Stone,  Lamont,  Schjellerup.  Occasional 
positions   were  taken  from  sources  not  here  enumerated. 

Proper-motions  were  used  where  they  occurred  in 
standard  authorities.  In  addition  to  these,  the  following 
apparently  well  authenticated  proper-motions  were  found 
during  the  preparation  of  (he  catalog,  none  of  which  have 
been  published  so  far  as  known. 


\  c.  Bonn 
A.G.  Nicolajew 


2540 

13962 

139S3 

1681 

1375 


-0.0135 

+  0.0028 
+0.0152 
-0.0009 
-0.0035 


-0.021 
-0.025 
-0.094 
-0.025 
0.000 


A.G.  Ottakring 

A.G.  Strassburg 

A  <  i    Leipzig  II 

A.l ..  Leipzig  I 
A.l  1.  Albany 

C.G.C. 


Paris 

Schj. 


5886 

5902 

5892 

5895 

8103 

8176 

6389 

5964 

5968 

8395 

10661 

12753 

20538 

20685 

23122 

21694 

21734 

2358 

5986 


+0.0049 
+0.0011 
-0.0031 
-0.0015 
-0.0049 

0.0000 
-0.0003 

0.0000 

0.0000 
-0.0030 
-0.0015 
-0.0026 
+0.0216 

0.0000 
-0.0024 

0.0000 
-0.0021 


0.084 
0.109 
0.000 
0.005 
-0.021 

1 1  i  (55 

0.070 

-0.028 

-0.020 
-0.021 

-0.098 
-0.034 
-0.016 
-0.061 

i 

-0.069 
0.077 


In  general  the  positions  from  the  various  catalogs  have 
been  reduced  to  the  system  of  the  Astronomisc) 
schaft. 

The  Observations. 

The  observations  have  l>een  collected  from  the  usual 
sources  and  have  been  treated  in  the  usual  way.  The 
actual  number  of  observations  collected  was  not  far  from 
thirteen  hundred.  After  the  catalog  of  Comparison-Stars 
was  completed,  it  was  found  that  quite  a  number  of  stars, 
although  found  in  the  Durchmusteruruj,  could  not  be  found 
in  any  catalog  of  sufficient  exactness.  A  few  cases  of 
evident  mistakes  were  also  found.  In  the  comparison 
with  the  ephemeris  here  given,  these  observations  have 
been  omitted  to  save  space.  Repeatedly  the  comet  was 
observed  at  the  same  observatory  two  or  three  times  on 
the  same  day.  In  all  such  cases  after  the  comparison  with 
the  ephemeris  the  mean  was  taken  and  is  heie  given.  The 
dates  are  expressed  in  Greenwich  Mean  Time  and  the 
aberration  time  has  been  subtracted.  The  comparison 
with  the  ephemeris  folio  v.  - 


Sept. 


ite             Place 

1.010  Mt.  Hamilton 

+  8.8 

1.936  Mt.  Hamilton 

io.o 

2.367  Arcetri 

15.7 

2.381   Konigsberg 

1.4.1 

2.397  Geneva 

■H  1.8 

2  H9  \  ienna 

-   2.3 

2.420  Marseilles 

+  11.6 

2. 138  <  iottingen 

0.3 

2.441  Leipzig 

10.4 

2.448  Strassburg 

10.5 

2. 155  Munich 

12.5 

2.  163  Jena  U 

8  1 

2.465  Heidelberg 

9.3 

3  Urania 

6.6 

2.496  Kremsmunster 

16.3 

2.596  Hamburg 

3 

2.801  Williams  Bay 

3.3 

2.804  Northampton 

0.2 

2.882  Mi.  Hamilton 

6.6 

AS 
a 

1  1.8 
6.7 
7.6 
4.4 
0.1 

26.5 
2.1 

4.;  i 
3.9 
4.0 
1.3 
9.4 
0.3 
17 
1.9 
5.2 
5.3 
12.9 
6.5 


Sept. 


ite            Place 

ia 

cos 

3.359  Rome 

+ 

II 

3.5 

3.375  Kdnigsberg 

+ 

3.9 

3.378  I  \i'w\  a 

- 

6.3 

3.389   \i.etri 

+ 

VI 

3.396  Heidelberg 

(- 

25.3] 

3  399  Vienna 

- 

7.4 

3.  107  Strassburg 

+ 

3.426  Liverpool 

1MI 

3. 129  Kremsmiinstei 

9.6 

3  134  Breslau 

.->.:; 

3.435  Jena  U. 

1.(1 

3   137  Crania 

3.5 

3.449  Marseilles 

+ 

4.7 

3. 150  ( !61  tingen 

- 

6.7 

3  l.v;  Utrecht 

+ 

5.0 

4.  157  Munich 

6.5 

3.507  l.\  "us 

1.8 

3.613  Besancon 

5.9 

3.801  Mi    Hamilton 

8.4 

Jo 

II 

3.2 
3.9 
4.1 
8.0 

1.0 

14.4 

a. '.i 

1.0 
6.1 

26.8 
4.7 
3.0 
5.4 

10. s. 
3.5 
5.0 
5.3 
1.6 
.Ki 


Date 


Place 


da  cos  d        -C 


Sep! . 


1.4  is  Konigsberg 

+ 

5.2 

- 

'  :;7_'  Besancon 

10.2 

-  5.1 

4.374  <  ieneva 

i 

0.6 

Vicolaiew 

7.0 

-   3.6 

i  Kremsmiinster 

12.2 

+   1.3 

4.400  Arcetri 

10.0 

-   7.5 

4.410  Heidelberg 

5.9 

5.8 

4.412  Jena  U. 

- 

6.1 

.'y.:-. 

t .  4 1 4  Breslau 

- 

U.l 

6.4 

4.415  Marseilles 

+ 

4.2 

4.424  Utrecht 

4.- 

4.5 

4.429  Live- 

- 

4.2 

-   0.4 

4.440  Jena  W. 

- 

7.5 

-   6.2 

4.443  Munich 

5.1 

2.9 

4.4  lr>  [view 

2.5 

1. 151  Strassburg 

5.1 

2.0 

4.529  Crania 

2.2 

4.7 

4.543  Hamburg 

■2A 

l.75s  Columbia 

5.3 
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Date             Place 

Ja  cos  <? 

Jd 

Place 

Ja 

cos .; 

J  i 

Date 

Ja  COS  J 

Jd 

Sept.     1.799  Mt.  Hamilton 

-   4.8 

Sept.    9.417  Breslau 

— 

0.4 

11.9 

Sept.  18.366  Strassburg 

7.5 

-   1.0 

4.799  Washington 

-  0.1 

6.7 

9.-11:'  Padua 

+ 

7.0 

7.2 

18.369  Greenwich 

5.2 

0.6 

1.882  Denver 

6.2 

9.425  Urania 

2.9 

3.3 

18.372  Nicolajew 

3.8 

?:■; 

1.387  Kiew 

3.1 

5.4 

9.430  Marseilles 

5.0 

4.9 

18.3.0  Konigsberg 

3.9 

0.5 

II 1  Arcei  fi 

127 

6.0 

9.435  Munich 

4.0 

1.3 

18.386  Paris 

+     1.0 

0.4 

5.394  Nicolajew 

4.3 

■i.."> 

0  Hamburg 

2.1 

4,4 

18.388  Jena  W. 

0.5 

-    l.s 

5.394  Breslau 

0.6 

10.8 

ons 

6.1 

1.3 

18.401  Marseilles 

+    4.7 

+   2.0 

5.404  Rome 

3.1 

+   0.2 

9.662  Columbia 

(I.", 

si 

is.416  Liverpool 

2.1 

0.5 

5.405  Konigsberg 

3.3 

-    5.0 

9  75s  Denver 

3.2 

18.436  Utrecht 

7.0 

+  0.1 

5.412  Liverpool 

3.6 

-    1.6 

9.786  Mi.  Hamilton 

0.0 

10  s 

is. 407  Urania 

0.7 

-    1.5 

5.43S  Marseilles 

VII 

-    9.2 

10.349  Dorpat 

5.0 

5.8 

is. 700  Washington 

5.0 

5.5 

5  500  Besaneon 

3.1 

-    7.2 

in  Mil  Konigsberg 

3.3 

2.7 

18.768  Mi.  Hamilton 

3.4 

-    0.3 

5.665  Northampton 

i  .'. 

7.:. 

10.386  Pulkowa 

10.7 

6.8 

19.  J  16  i  leneva 

1.0 

+    1.0 

.">  779  Washington 

in   I'M',  Arcetri 

13.0 

5.0 

19.298  Konigsberg 

O.S 

-    1.7 

6 

-    1.2 

8.6 

10.405  Nicolajew 

fi  1 

.->.:> 

19.311  Moscow 

5.2 

2.8 

6.383  Arcetri 

+   si; 

11.0 

10.41  1  Marseilles 

2.4 

-  6.2 

19.351   Paris 

1.9 

-   0.1 

:  Strassburg 

1.7 

3.1 

10.427  Besaneon 

- 

5.2 

-    2.s 

19  382  Strassburg 

+■    0.2 

B  107  Nicolajew 

3.0 

II 

10.444  Heidelberg 

8.1 

4.6 

19.391  Munich 

-    3.1 

-    2.4 

6.417  Besaneon 

6.1 

4.7 

Mi  is.",  Palermo 

4.7 

4.5 

19.402  Marseilles 

1.0 

1.3 

6.  129  Pulkowa 

+   4.6 

(i.l 

10.511  Utrecht 

+ 

6.0 

5.3 

19.412  <  Ireenwich 

+    5.0 

l.s 

6.433  I'trecht 

IIS 

10.676  Columbia 

- 

2.9 

8.8 

19.414  ( 'openhagen 

2.2 

2.8 

6.438  Liverpool 

*   1).:; 

+   3.1 

10.717  Charlottesville 

+ 

7.1 

1.2 

19.433  Liverpool 

+     1.9 

-   2.2 

6.443  Marseilles 

1..". 

-    2.4 

10..  57  Northampton 

- 

7.0 

0.0 

19.444  Utrecht 

-    2.2 

+   o.5 

6.469  Padua 

1  s 

7.3 

10.794  Denver 

+ 

1.7 

2.0 

19  li.  i  Ihristiana 

■V  1 

6.502  Lyons 

3.0 

4.7 

19.517  Heidelberg 

s.7 

-   4.8 

56  i  ireenwich 

in 

5.4 

Sept.  11.377  Konigsberg 

5.2 

4.0 

20.295  Munich 

1.0 

1  1.6 

6  667  Columbia 

(i.;. 

i,ii 

11.379  Dorpaf 

8.7 

7.1 

20.300  Arcetri 

U.2 

4.7 

6.766  Denver 

2.9 

1.2 

11.399  Nicolajew 

4.1 

3  1 

20.306  Geneva 

2.9 

2.0 

6.768  Washington 

1.7 

1.7 

L  1.415  Pulkowa 

o.o 

-    0.1 

20.335  Heidelberg 

5.5 

2.0 

6.812  Mt,  Hamilton 

LV  7 

3.5 

11.485  Palermo 

+ 

5.S 

+    2.9 

20.304  Nicolajew 

2.7 

2.1 

7.35.1  Strassburg 

0.8 

0.3 

1 1.595  Copenhagen 

- 

1.0 

-    4.5 

20.365  Strassburg 

5.3 

2.0 

7.3o*i  ( leneva 

6.7 

3.6 

11.698  Northampton 

- 

1.9 

+    0.0 

20.393  Greenwich 

+   4.2 

-    1.1 

7.370  Heidelberg 

6.5 

-    5.2 

11.758  Mt.  Hamilton 

+ 

6.0 

-    1.5 

20.399  Marseilles 

-    0.5 

+    7.2 

7.378  Arcetri 

9.1 

-    7.2 

11.783  AYashington 

0.7 

-   3.2 

20.4  17  Gottingen 

(-40.5) 

•    1.9 

7.379  Pulkowa 

1.9 

4.0 

12.322  Geneva 

2.0 

+  5.7 

20.100  Utrecht 

+    1.7 

+    1.2 

7.383  Nicolajew 

1.9 

3.6 

12.343  Strassburg 

-    3.2 

20.034  ( 'openhagen 

0.2 

-    3.0 

,  .386  Kremsmunsti  i 

+  11.6 

2.5 

12.351   rcicol.ijew 

9.1 

0.9 

20.842  Mt.  Hamilton 

+  5,1 

-    1.1 

7.391  Jena  W. 

-    7.4 

26.7 

12.426  Palermo 

5.2 

12.2 

7.410  <  lottingen 

+    1.7 

5.6 

12.472  Utrecht 

s  s 

4.1 

Sept.  21.284  Munich 

-  2.7 

+    1.8 

7.441  Hamburg 

3.6 

12.478  i  Ireenwich 

I.I) 

2.0 

21.:  10-1  Heidelberg 

(+25.7)  ( 

+  34.1) 

7.443  Urania 

i.:; 

J.5 

12.694  Columbia 

7.3 

5  : 

21.314  Arcetri 

11.7 

-    0.7 

7.479  Padua 

-  3.5 

1.7 

12.753  Denver 

2.7 

1.2 

2i    120  Dorpat 

5.6 

1.5 

7.583  I  'openhagen 

-    1.4 

-   3.0 

12.793  Mt.  Hamilton 

+ 

4.0 

2.8 

21.327  Ma-seilles 

2.0 

3.4 

7.612  Utrecht 

-   5.2 

10.4 

182  Una  W. 

(- 

29.7) 

21.327  Jena  W. 

10.7    ( 

-42  1) 

7.662  Northampton 

+  0.2 

13.393  Dorpat 

+ 

0.2 

2.1 

21.341  i  leneva 

o.l 

■     O  2 

7.674  Columbia 

4.0 

3.2 

13.391  8  rassburg 

7.3 

4.7 

21 .362  ( ireenwich 

0.1 

+    0.1 

7.762  Washington 

1.1 

3.3 

13.399  Marseilles 

+ 

4.3 

3.8 

21.378  Strassburg 

3.1 

-    2.1 

7>40  Mt.  Hamilton 

7.3 

1.9 

13.399  Nicolajew 

6.3 

7.1 

21.  129  Utrecht 

3.3 

+    0.5 

8.348  Dorpat 

2.4 

4.3 

13.400  Arcetri 

+ 

14.0 

6.3 

21 .  1S7  Hamburg 

-    "5.3 

-    2.9 

8.349  Heidelb 

5.4 

1  'i 

13.433  Heidelberg 

- 

0.8 

6.3 

21.609  ( Jopenhagen 

-    2.7 

0.0 

8.363  Kiel 

::  s 

5.2 

13.449  i  ireenwich 

+ 

■  l.s 

3.4 

21.000  Mi.  Hamilton 

+   2.4 

0.2 

8.367  Arcetri 

9.9 

7.0 

13.540  i  'openhagen 

+■ 

1.1 

4.8 

22.260  Konigsberg 

4.5 

1.9 

8.369  Jena  W. 

3.8 

13.672  Columbia 

4.5 

22.275  Leipzig 

2.0 

0.5 

8.31  1  Kasan 

1.2 

2.3 

13. 70s  Denver 

5.3 

3.8 

22.293  Munich 

3.1 

0.7 

8.388  Konigsberg 

5.0 

-     1.9 

14.333  Konigsberg 

7.9 

1.7 

22.298  Jena  U. 

10.2 

9.0 

8.392  Rome 

i.i 

+   5.7 

1  1.358  i  leneva 

2.0 

5.5 

22.299  Geneva 

0.5 

2.3 

8.393  Kremsmunster 

S.I) 

1  3 

14.439  Pa. lna 

+ 

7.1 

1  s 

22.313  Jena  W. 

-   9.3 

8.406  Strassburg 

4.5 

2.5 

l  1.501  Utrecbl 

- 

1.5 

2  2 

22.330  Utrecht 

3.9 

+    0.2 

N.412  Liverpool 

4.8 

l.s 

14.583  Copenhagen 

+ 

0.4 

-     3.9 

22.345  Strassburg 

4.0 

+  0.0 

8  l-'l  Utrecht 

6.2 

2.0 

14.710  Northampton 

- 

2.0 

+    1.7 

22.375  Gottingen 

7.5 

3.7 

8.437  Munich 

1.7 

16.6 

15.377  Nicolajew 

+ 

4.0 

-    3.1 

22.370  Copenhagen 

2.9 

+    1.2 

8.  152  Marseilles 

10.0 

8.7 

15.413  Marseilles 

+ 

O.S 

+    0.0 

22.3S0  Greenwich 

■  1.0 

-   0.3 

8.460  Padua 

6.3 

5.1 

15.422  Konigsberg 

- 

3.1 

-    1.0 

22.389  Marseilles 

13.7 

-     S.5 

8.473  Hamburg 

•VI 

10.0 

10.372  Marseilles 

— 

0.7 

4.2 

22.400  Dorpat 

10.1 

+    1.3 

8.487  Bamberg 

17.0 

3.9 

16.377  Greenwich 

+ 

l.s 

1  3 

22.410  Arcetri 

10.0 

0.1 

8  199  Urania 

4.7 

2.2 

10.3S4  Nicolajew 

6.3 

s  I 

22.419  Rome 

-    0.1 

+    1.2 

8.502  Lyons 

2.1 

■;'a 

10.113  Arcetri 

+ 

10.2 

7.0 

22.421  Christiana 

(-37.21      + 

8.528  Besaneon 

1.9 

9.2 

10.528  Utrecht 

- 

2.3 

-  12.2 

22.103  Hamburg 

+   3,", 

-   3.7 

s.717  Northampton 

3.2 

5.3 

16.832  Mt.  Hamilton 

+ 

3.6 

O.S 

22.470  Heidelberg 

0.5 

0.9 

8.742  Denver 

3.2 

1.9 

17.882  Nicolajew 

- 

0.4 

+    1.2 

22.479  Moscow 

1.7 

1.6 

9.334  St  rassburg 

2.7 

1.7 

17.395  Greenwich 

+ 

6.6 

+    1.1 

22.500  Poughkeepsie 

1.7 

-  0.0 

9  373  Jena  W. 

6.9 

2.4 

17.400  Marseilles 

- 

1.8 

-    4.7 

22.661  Mi.  Hamilton 

0.9 

+  0.9 

9  384  Heidelberg 

6.2 

17.409  Utrecht 

+ 

5.5 

<r       1.0 

22.721  Denver 

5.4 

-    1.2 

9.385  Copenhagen 

2.0 

4.2 

17.411  Strassburg 

8.2 

17.S 

23.263  Leipzig 

1.0 

+    1.4 

9.390  Kremsmunster 

8.3 

7.0 

17.416  Paris 

8.7 

1,1 

23.2N1   Konigsberg 

3.9 

-  0.5 

9.395  Arcetri 

11.8 

4.7 

17.,  21  Denver 

5.4 

+   0.1 

23.283  Munich 

0.2 

+   0.7 

9  403  Besaneon 

+   7.2 

.3.3 

18.317  Geneva 

+ 

4.5 

-  4.1 

23.288  Jena  U. 

5.0 

2,1 
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Place 

Aa  cos  5 

Ad 

Date            Place 

Aa  cos  $ 

J.J 

Date            Place 

Aa  cos  d 

J. 

Sept.  2           '     neva 

4    5.2 

4-  0.3 

Sept.  27.477  Greenwich 

+    4.2 

+  3.0 

Oct,      5.617  Mt.  Hamilton 

+  3.3 

+  8.6 

23.306  Copenhagen 

1.3 

-  0.4 

27. .">02  Besancon 

12.2 

-  0.1 

5.763  Columbia 

-   3.s 

4.4 

23.308  Arcetri 

9.0 

3.0 

27.562  Poughkeepsie 

14.3 

-    0.5 

6.269  Arce'ri 

-    s.7 

5.8 

131  Strassburg 

4.1 

+  0.5 

27.569  <  'olumbia 

9.8 

0.5 

6.319  Besancon 

2.5 

8.2 

23.336  Hamburg 

6.2 

-   2.4 

27.686  Denver 

4.4 

0.3 

6.3  42  (  hristiana 

3.2 

10.6 

23.343  Liverpool 

22.1 

+  23.fi 

27.7'.iO  Mt.  Hamilton 

3.2 

+    1.6 

6.375  Konigsberg 

3.0 

s.l 

23.353  Dorpat 

6.2 

2.3 

27.826  Charlottesville 

1.5 

-  0.1 

6.398  Algiers 

1.!. 

7.s 

23.356  Utrecht 

1.4 

0.3 

28.236  Moscow 

5.6 

+  0.5 

6. 129  '  lopenhagen 

1.1 

3.1 

23.36  1  Nicolajew 

2.2 

+    1.4 

28.295  Copenhagen 

2.6 

0.0 

6.450  Paris 

2.7 

23.367  Gottingen 

+    44) 

-  3.1 

"s  "or,  (ieneva 

4.1 

2.0 

6.628  Poughkeepsie 

3.4 

6.5 

23.371  Jena  W. 

-   5.1 

32.9 

28.298  Arcetri 

9.7 

0.7 

6.688  Denver 

5.0 

5.s 

23.396  Marseilles 

-   0.2 

3.6 

28.315  Marseilles 

5.1 

1.2 

6.753  Columbia 

4-  5.0 

+   2.0 

23.520  Heidelberg 

4-  2.0 

-   2.0 

28.318  Utrecht 

4-  2.7 

2.7 

7.270  ( reneva 

-    7.1 

23.617  Poughkeepsie 

-  0.6 

2.6 

28.375  Liverpool 

-  0.7 

+  5.2 

7.277  Arcetri 

13.0 

-  6.3 

23.683  Denver 

+  3.4 

0.7 

28.386  Hamburg 

+   7.4 

-  3.1 

7.2S4  Dorpat 

8.6 

-     1.3 

23.705  Washington 

+   5.6 

1.1 

28.396  Gottingen 

8.2 

4-  8.9 

7.316  Besancon 

7.6 

5.4 

24.260  Leipzig 

-   5.1 

1.4 

28.4  13  Greenwich 

3.1 

4-  0.5 

7.331  Christiana 

8.6 

4.!) 

24.282  Munich 

-  2.8 

1.8 

28.600  Columbia 

3.4 

-  0.4 

7.373  Bamberg 

7.4 

6..". 

24.309  Arcetri 

+  8.4 

! 

28.89]  Charlottesville 

4.7 

+  0.9 

7.396  Marseilles 

5.2 

2.2 

L5  Jena  U. 

4.8 

2.7 

29.285  Arcetri 

12.6 

0.3 

7. 100  Paris 

4.0 

4/2 

24.325  Hamburg 

1.3 

-   4.3 

29.289  Greenwich 

:;.:; 

o.s 

7.407  Algiers 

+   2.3 

2.3 

24.331  Liverpool 

7.0 

+  0.5 

29.294  Breslau 

is  7 

4.4 

7. 460  Lyons 

-  5.1 

2.0 

24.334  Kremsmiinster 

9.1 

-  5.6 

29.298  Utrecht 

7.6 

3.7 

7.4s!i  Strassburg 

-     l.s 

-  5.6 

24.339  Jena  W. 

o.s 

9.0 

29.304  Hamburg 

4.0 

1.2 

7.5ss  Washington 

5  . 

5.9 

24.362  Heidelberg 

2.2 

2.0 

29.373  Konigsburg 

1.2 

1.1 

7.700  Columbia 

5.2 

7.1 

24.362  Gottingen 

4.1 

-  0.1 

29.381  ( 'openhagen 

5.2 

.-..3 

7.701  Mt.  Hamilton 

7.0 

7.2 

24.306  Copenhagen 

0.5 

+    1.1 

29.  176  <  'hristiana 

+  13.1 

10.2 

7.72 "i  Denver 

6.0 

7.7 

24.376  Kiew 

3.3 

4-  2.8 

29.538  Washington 

-  0.3 

4-  3.8 

7  759  ( 'harlottesville 

6.2 

6.8 

24.716  Denver 

2.5 

-  3.5 

29.635  Mt.  Hamilton 

+   1.1 

-   4.4 

8.253  Christiana 

3.0 

5.1 

24.786  Mt.  Hamilton 

3.2 

1.7 

29.709  Denver 

-    1.1 

-   2.0 

8.258  Heidelberg 

6.7 

6.6 

25.250  Konigsberg 

2.4 

0.4 

29.870  Charlottesville 

4-   2.9 

+    l.s 

8.297  Greenwich 

5.. 

6.5 

25.275  Munich 

0.6 

1.4 

30.203  Kasan 

8.2 

1.2 

8.308  Liverpool 

6.3 

-0 

2  5 .295  Kremsmiinster 

7.!) 

1.7 

30.24  1  Moscow 

2.7 

0.6 

8.328  Nicolajew 

4-   3.0 

7.2 

25.31.5  Greenwich 

5.2 

0.1 

30.271  Hamburg 

2.5 

1.5 

31  rassburg 

-  4.8 

6.1 

16  '  ieneva 

5.8 

l.s 

30.326  Strassburg 

5.6 

1.5 

8.350  Jena  U. 

+  S.7 

6.4 

25.320  i  Copenhagen 

2.8 

-   0.2 

30.375  Konigsl 

1.5 

1.6 

8.351  .Munich 

2.7 

-   8.5 

25.321  Liverpool 

4.0 

+   8.2 

30.3!).".  Marseilles 

5.8 

8.1 

s. :;."..']  Jena  W. 

11.9 

-  0.5 

25.333  Strassburg 

0.1 

-    1.2 

30.576  '  Columbia 

1.4 

2.7 

Marseilles 

-    0.2 

+    6.1 

34]  Gottingen 

7.8 

1.2 

30.703  Mt.  Hamilton 

4-  6.2 

+   3.S 

8.404  Bamberg 

-    1.2 

5.5 

25.357  Hamburg 
25.359  Dorpaf 

2.5 

47 

-    1.!) 
+    1.0 

8.428  Utrecht 
8.499  Gottingen 

+    o  0 

4.6 

Oct.      1.280  Strassburg 

5.9 

3.1 

3J4 

".2 

25.389  Padua 

17.6 

0.6 

1.284  Munich 

4.8 

3.1 

s.iipi  Northampton 

0.2 

13 '5 

191   Arcetri 

11.3 

+  0.0 

1 .288  Moscow 

l.s 

2.0 

8.652  Poughkeepsie 

4.5 

2.">. 42!)  Heidelberg 

6.0 

-   2.5 

1.322  Arcetri 

9.4 

6.5 

s  7ii.".  Denver 

5.2 

0.2 

26.2]  1  Kasan 

0.4 

4-   2.0 

1 .326  Liverpool 

5.8 

5.'.' 

8.707  Mt.  Hamilton 

3.0 

8.3 

26.253  Leipzig 

2.5 

0.8 

1.413  Heidelberg 

4.7 

2.8 

s.752  Charlottesville 

1.3 

6.9 

26.286  Munich 

0.8 

+  0.6 

1.602  \\  ashington 

3.5 

2  5 

9.238  Konigsberg 

1.7 

8.2 

26.307  Utrecht 

1.0 

-  o.s 

1.667  Mt.  Hamilton 

2.8 

2.4 

9.270  Arcetri 

6.0 

7.5 

26.310  Liverpool 

1.9 

+■    L6 

2.273  Padua 

4.S 

.04 

9.281  Dorpat 

1.3 

9.3 

26.320  Geneva 

3.5 

-  0.1 

2.289  Konigsberg 

5.0 

0.4 

9.283  Jena  U. 

(     40.6^ 

9.0 

26.330  <  lopenhagen 

+   1.0 

-  0.7 

2.328  Liverpool 

5.1 

+   2.4 

9.296  ( ieneva 

5.4 

10.9 

10  Jena  W. 

-    1.6 

+   3.2 

2.360  Greenwich 

1.4 

-   2.5 

9.313  Munich 

1.3 

5.9 

2H.330  Gottingen 

+   4.5 

4.7 

2.572  Utrecht 

+   4.5 

-   2.6 

J).3S0  Besancon 

4.5 

10.6 

26.344  Strassburg 

5.6 

+  3.4 

2.573  Washington 

-   5.6 

+   4.6 

'  Bamberg 

1.6 

9.5 

26.361  Padua 

7.S 

-  0.3 

2.584  Hamburg 

+   5.5 

1.5 

9.  133  Crania 

+   16 

6.4 

211.371  Dorpat 

1.2 

-  0.6 

2.656  Mt.  Hamilton 

+   7.1 

4.6 

'.1.66.'.  Poughkeepsie 

11.1 

378  <  rreenwich 

1.7 

+  5.5 

3.260  Geneva 

-  0.9 

6.3 

9.723  Columbia 

-  O.S 

5.1 

26.386  Marseilles 

5.5 

+  0.5 

3.272  Arcetri 

4-  6.0 

9.0 

9.729  Mt.  Hamilton 

4-    5.6 

s  4 

26.429  Hamburg 

4.4 

2.0 

3.352  Hamburg 

+   4.8 

7.2 

!>-767  Denver 

2.8 

7.S 

26.451  Paris 

3.7 

+    3.S 

3.395  Marseilles 

-   1.1 

12.1 

10.205  Konigsberg 

3.2 

7.2 

20.487  Heidelberg 

1.0 

o.s 

3.523  Washington 

4-  2.2 

5.6 

10.211  Moe 

+  3.7 

-    ,  .5 

26.559  Columbia 

1.8 

s.s 

3.526  Copenhagen 

4-   1.7 

5.5 

10.329  Strassburg 

3.7 

26.669  Denver 

2.5 

1.7 

3.o  17  Utrecht 

-  0.5 

4-10.5 

10.374  Paris 

2.6 

26.723  Mi.  Hamilton 

+  33 

4-    1.6 

3.774  Mt.  Hamilton 

1.1 

-   l.S 

10  381  Munich 

2.1 

7.5 

27.184  Kasan 

1.4 

2.7 

4.341  Strassburg 

+   1.8 

+   5.7 

10.383  Marseilles 

9.2 

13.0 

27.269  Breslau 

+    3.S 

2.3 

4.368  Hamburg 

1.2 

6.8 

10  30!)  Heidelberg 

1.5 

10.4 

27.284  Munich 

-13.1 

0.2 

4.41!)  Marseilles 

+   US 

12.0 

10.  102  Utrecht 

4.5 

9.3 

27.21)3  (Ieneva 

+  3.6 

1.2 

1121  Jena  W. 

-19.6 

4.0 

10.410  Gottingen 

3.0 

12.4 

27.306  Arcetri 

11.4 

t    3  I 

4.447  Utrecht 

+   2.0 

7.3 

10.436  Greenwich 

10.1 

S.l 

27.323  Kremsmiinster 

8.3 

-  0.1 

1.  15  1  Jena  U. 

-    1.9 

4.S 

10.45!)  Besancon 

5.2 

7.3 

27.329  Strassburg 

3.6 

+  2.8 

t.  IV)  Bamberg 

4-19.1 

10  Poughkeepsie 

5.1 

6.7 

2<  .331  Nicolajew 

43 

+  3.7 

I.  ISO  Urania 

+  0.3 

4.0 

10  o  12  Northampton 

5.2 

10.7 

27.362  Padua 

6.0 

-  0.1 

I  •"■]!)  Utrecht 

-    2.5 

-  4.3 

10.651  Mt.  Hamilton 

4.5 

s.l 

27.366  Copenhagen 

2.2 

+   0.1 

1.0 12  Mt.  Hamilton 

2.6 

+  6.0 

27.387  Paris 

4.6 

-  0.5 

5.22  I  Nicolajew 

-  0.7 

7.0 

Oct .    1 1 .230  X  icolajew 

1.9 

7.5 

27.388  Marseilles 

+    4.4 

+    3.7 

5.309  Konigsberg 

+    1.5 

7.1 

11.245  Jena  U. 

5.5 

4-    4.4 

27.429  Utrecht 

-    1.0 

•.i.;. 

5.329  Liverpool 

-   0.1 

3.3 

1 1.31 1  Liverpool 

I.     25.5) 

-   3.4 

Nos'6l'."  626 
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Opt. 


Date 

11.337 
l  l  395 
11.617 
11.985 
12.288 
12.327 
12.442 
13.218 
13.231 
13.255 
13.271 
13.271 
13.309 
13.367 
13.390 
13.400 
13.413 
13.425 
13.640 
L3.651 
13.658 
14.240 
14.243 
14.247 
14.26!  I 
14.278 
14.283 
14.349 
14.356 
14.360 
14.386 
14.503 
1 4.555 
14.583 

I  1.628 
14.639 
14.li.Vi 
15.262 
15.29] 
15.351 
15.369 
15.385 
15.413 
15.548 
15.572 
15.690 
15.718 
16.260 
16.27.-) 
16.346 
16.  .37.") 
16  621 
16.981 
17.227 
17.241 
17.279 
17.323 
17.34S 
17.364 
17.378 
17.583 
17.598 
17.618 
17.987 
18.187 
18.258 
18.259 
18.278 
18.284 
18.354 
18.367 
18.375 
18.393 
18.619 
18.622 
18.921 


Place 


Aa  cos  3       A3 


Gottingen 

+  10.2 

- : 

Algiers 

2.4 

9.7 

Mt.  Hamilton 

+   1.0 

+  10.4 

Tokio 

-   1.3 

-  3.9 

Greenwich 

+   3.8 

■    8J 

Hamburg 

6.5 

8.1 

Utrecht 

5.3 

8.8 

Konigsberg 

2.3 

1  l.u 

Arcetri 

-    9.8 

3.4 

Geneva 

-    1.5 

+  11.0 

Breslau 

+  14.1 

-   3.9 

Marseilles 

7.3 

+  10.1 

Strassburg 

5.0 

8.1 

Rome 

5.3 

16.5 

Munich 

4.7 

14.4 

Heidelberg 

1.7 

9.2 

Algiers 

53 

10.9 

Lyi  rns 

2.7 

0.8 

Columbia 

1.8 

7.s 

Denver 

3.2 

8.7 

Poughkeepsie 

0.8 

10.6 

Kasan 

1.:. 

8.9 

Jena  U. 

3.9 

1.7 

Nicolajew 

3.0 

16. s 

Greenwich 

3.4 

0,5 

.Marseilles 

4.5 

!i.:. 

Moscow 

+  10.8 

Paris 

-   3.s 

-  0.6 

Besancon 

+   2.8 

+  11.5 

Utrecht 

in 

:..7 

Algiers 

4.0 

S.2 

igton 

3.3 

8.6 

Poughkeepsie 

1.2 

12.6 

Northampton 

-    4,5 

; 

Denver 

+  3.2 

9.2 

Columbia 

-    2.1 

( 'harlot  tesville 

9.9 

Mt.  Hamilton 

1.7 

10.4 

Marseilles 

0.3 

10   1 

Geneva 

9.7 

8.6 

Arcetri 

7.0 

2.5 

Greenwich 

3.4 

9.0 

Konigsberg 

1.1 

8.3 

Munich 

7.2 

2.7 

Washington 

3.0 

11.6 

Poughkeepsie 

1.7 

7..5 

Columbia 

11.2 

Mt.  Hamilton 

2.1 

10.6 

Nicolajew 

0.8 

s.2 

Greenwich 

1.6 

9.2 

Utrecht 

0.3 

6.0 

Northampton 

3.8 

10.6 

Columbia 

0.6 

10.3 

Tokio 

1.8 

:i.  1 

Nicolajew 

2.3 

8.7 

Geneva 

+   1.7 

12  7 

Bamberg 

-   0.2 

6.2 

Besancon 

+    1.2 

10.4 

Strassburg 

l.S 

6.3 

Greenwich 

2.4 

6.6 

Algiers 

2.6 

4.2 

Charlottesville 

+  2.8 

Mt.  Hamilton 

0.0 

7.9 

Columbia 

-    1.7 

+  7.4 

Tokio 

+  2.6 

-    1.2 

Nicolajew 

5.8 

+  13.8 

Bamberg 

+   4.4 

6.0 

Arcetri 

-    1.6 

7.3 

Padua 

+  9.3 

8.6 

Kremsmunster 

11.4 

+  12.2 

Greenwich 

6.6 

-   2.7 

Rome 

3.0 

+    1.4 

Copenhagen 

0.2 

-  2.8 

Algiers 

4.0 

+    4. .3 

Denver 

3.8 

7.5 

Columbia 

7.2 

Tokio 

.3.9 

0.7 

Date             Place 

Aa  cos  3 

48 

Oct.     19.204  Kasan 

+   2.2 

-   0.6 

lit. 247  Geneva 

5.9 

s.n 

19.272  Padua 

8.8 

7.3 

19.272  Arcetri 

-   8.7 

-     1..3 

19.294  Heidelberg 

-10.4 

-    3.1 

19.310  Marseilles 

+    S.  1 

19.914  Tokio 

-   6.8 

+    5.1 

20.290  .Arcetri 

+   7.0 

-      1  0 

20.322  Marseilles 

1.1 

9.5 

20.370  Algiers 

8.0 

6.6 

20.532  Northampton 

7.0 

9.6 

■  >7  Poughkeepsie 

1.(1 

10.3 

20.602  Denver 

6.1 

10.5 

20.895  Tokio 

8.6 

L3.2 

Oct.    21.241  Bamberg 

6.4 

10.2 

2  1 .244  Heidelberg 

10.2 

21.265  ( ireenwich 

1..3 

8.8 

21.266  Strassburg 

6.8 

10.  O 

21.293  Jena  U. 

6.0 

2,1 

21.304  Algiers 

5.9 

11.5 

21.310  Marseilles 

7.1 

■  21.0 

2 1 .330  Heidelberg 

1.7 

-   0.4 

21.  .341  Charlottesville 

.3.4 

-   8.5 

21.554  Poughkeepsie 

10.2 

21. .379  Northampton 

•5.5 

7.0 

21.588  Columbia 

3.0 

9.7 

21.591  Denver 

10.2 

7.5 

21.016  Tokio 

+   3.1 

7.9 

22.222  Cottingen 

-   2.0 

14.2 

22.22'.t  Munich 

+    4.2 

11.0 

22.233  Geneva 

-  0.2 

16.2 

22.260  Lvons 

+  3.5 

N.I 

22.269  Utrecht 

1.1 

'.1.7 

22.287  Marseilles 

2.1 

13 .1 

22.292  Jena  W. 

0.9 

13.9 

22.310  Algiers 

l.s 

14.2 

22.313  '  opt  al 

2.2 

12.9 

22.596  Denver 

SI' 

10.6 

22.920  Tokio 

3.3 

10.3 

23.211  Konigsberg 

5.7 

9.7 

23.216  Munich 

3.0 

8.8 

23.225  Leipzig 

2.s 

11.2 

23.232  Arcetri 

7.1 

5.2 

23.238  Utrecht 

3.2 

8.8 

23  239  -f.--l.urg 

3.6 

9.8 

23.249  Heidelberg 

+    1.3 

14.0 

23.251  Jena  W. 

l  -22.5 

12.2 

23.273  t  Y.penhagen 

+   0.2 

+  10.3 

20. -so  Marseilles 

3.0 

(-16.4) 

23.298  Bamberg 

4.6 

+   6.8 

23.304  Padua 

2.9 

10.3 

23.305  Algiers 

7.7 

10.4 

23.344  Besancon 

8.4 

11.2 

23. .375  Denver 

+  3.0 

+   9.8 

23.5SS  Columbia 

-   1.5 

-   8.9 

24.214  Kremsmunster 

+  9.6 

+    7.9 

24.216  Leipzig 

2.9 

7.1 

24.220  Jena  W. 

2.6 

11.3 

J  1  223  Jena  U. 

4.9 

1.8 

24.227  Bamberg 

3.5 

8.0 

24.233  Strassburg 

+   2.4 

7.8 

24.237  Heidelberg 

-  3.8 

7.4 

24.252  Lyons 

+  6.2 

(-30.1) 

24.252  ( rdttingen 

1.5 

-  3.9 

21.291  Padua 

5.3 

+  8.2 

24.307  Besancon 

5.1 

6.4 

24.503  Washington 

2.4 

7.6 

2  1.527  Charlottesville 

+    4.2 

7.3 

24.577  Columbia 

-   8.1 

7.7 

24.594  Denver 

+  8.7 

12.1 

25.211  Leipzig 

+   7.8 

8.0 

25.234  Bamberg 

-  0.5 

10.9 

25.240  Strassburg 

+   5.2 

8.4 

2.3.242  Heidelberg 

3.8 

5.8 

2.3.252  Marseilles 

13.4 

10.6 

2.3.259  Lyons 

3.0 

5.7 

Oct. 


Date 

25.2.3' I 
25.261 
25.264 
25.279 
25.281 
25.282 
25.284 
25.310 
25.493 

2.3. .31 II 

25.578 

2.3.5' U 
25.602 
20,215 
26.226 
20.  _'  13 
26.249 
26.272 
26.285 
20... 374 
27.107 
27.264 
27.200 
27.302 
27.577 
27.010 
28.142 
28.228 

28  229 
28.24 1 
28.268 
28.275 
28.510 
28.554 
28.580 
28.610 
2!'.  150 

29.227 
29.228 
2". 230 
20.200 

29  295 
29.485 
29.506 
30.221 
30.224 
30.229 
30.236 


Place 

Geneva 
Padua 
Arcetri 
\ !  a . 

Copenhagen 
•  rottingen 
Jena  W. 
Besancon 
Washington 
Northampton 
Columbia 
Denver 
Mt.  Hamilton 
Leipzig 
Arcetri 
1  »orpa1 
Padua 
Greenwich 
Marseilles 
Columbia 
Nic.lajew 
Geneva 
Marseilles 
Algiers 
Denver 
Mt.  Hamilton 
Kasan 
Marseilles 
Konigsberg 

echt 
Geneva 
Algiers 

Charlottesville 
Columbia 
Denver 
Mt.  Hamilton 

Jena  W. 

Gottingen 

Padua 

Bamberg 

Greenwich 

Besancon 

Charlottesville 

Northampton 

Rome 

Arcetri 

Padua 

Marseilles 


Ja  cos  3       A3 


4.0 
7.0 
0.0 
4.7 
4.2 
3.1 
1.4 
0.4 
2.9 

-  5.3 

-  0.3 

-  2.0 
3.1 
1.0 

6.5 

6.2 

'i. it 
40.2) 

O.O 

-  7.2 

-  5.1 
1.5 
3.3 

4.3 

-  5.1 

-  1.6 

-  2,3 
7.9 
5.7 
4.6 

11.7 
3.2 
3.9 
4.9 
l.o 
o.o 

-  4.0 

-  2.8 

-  5.S 
6.0 
6.1 

13.0 
5.5 
3.8 

-  1.2 
0.0 

-  5,5 

t.8 

-  2.2 


+  7.2 
8.4 
6.6 
7.0 

10.0 

13.1 

13.3 

7.5 

0.2 

10.1 

5.6 

o.o. 

5.0 

7.S 

4.0 

5.4 

+  s.o 

(-17.2) 

+   8.5 

-  5,8 
+  8.2 

11.1 

10.2 

6.9 

102 

11.3 

11.0 

0.0 

9.5 

VI 

12.0 

7.1 

10.9 

8.1 

10.0 

11.1 

+    0,1 

-  6.7 

-  0.J 

o.s 

8.1 

10.7 

O.o 

5.6 

10.3 

+  8.5 

-   1.3 

+  11.1 

15.7 


Oct.    31  137  Kasan 

-    5.8 

0.4 

31.207  Konigsberg 

+   2.4 

8.5 

31.208  Padua 

5.2 

9.8 

31.221  Arcetri 

2.1 

11.9 

31.240  Geneva 

o.o 

7.0 

31.248  Utrecht 

+  12.8 

31.320  Algiers 

-19.5 

12.7 

31.459  Northampton 

-  9.1 

15.9 

31.471  Charlottesville 

+   1.8 

10.2 

5  1   182  Poughkeepsie 

-    1,5 

7.4 

31.489  Washington 

+    1.8 

12.6 

31.568  Denver 

4.3 

0.2 

31,500  Mt.* Hamilton 

3.6 

+  S.6 

Nov.     1.211  Strassburg 

1.8 

-   0.7 

1.233  Padua 

+  5.0 

+  8.7 

1 .235  Heidelberg 

-   1.3 

10.7 

1.250  Kremsmunster 

+  0.5 

3,5 

1.461  Northampton 

22.2 

7.0 

1.470  Charlottesville 

o!s 

.s.s 

1.479  Poughkeepsie 

+   0.1 

8.5 

1.488  Washington 

-   1.5 

11.4 

1,397  Denver 

+  5.8 

10.6 

1.612  Mt.  Hamilton 

4.4 

9.1 

2.191  Nicolajew 

4,3 

10.0 

2.202  Konigsberg 

6.1 

7.8 

2.211  Copenhagen 

5.3 

8.2 

2.218  Strassburg 

5.8 

+  8.6 
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Date 


Jn  COS  S  J<i 


Nov.     2.230  Arcetri 

+   4.0 

-   8.0 

2. 1M  Washington 

:;.:; 

-   8.2 

2. 184  Northampton 

2.3 

11.3 

3.179  Nicolajew 

5.4 

'J.  2 

1  i  Kremsmiinster 

1.6 

8.4 

■irg 

4.7 

S.O 

3.217  Padua 

1.8 

7.6 

3.219  Geneva 

1.6 

-   vt 

3.232  Arcetri 

1.5 

-   6.9 

3.234  Marseilles 

5.6 

-   7.8 

10  Lvons 

7.4 

7.4 

3.894  Windsor 

12.2 

105 

4.188  Konigsberg 

7.6 

4.206  Kremsmiinster 

9.0 

in   ! 

i  209  Bamberg 

4.0 

6.7 

4.209  Jena  U. 

0.1 

3.0 

J. I'll  Padua 

5.6 

1    8.3 

1.21 1  Marseilles 

2  g 

0.6 

4.221  ( rbttingen 

2.6 

+   6.7 

4.223  Arcetri 

0.8 

-    4,1 

4.224  Heidelberg 

3.8 

+   8.3 

4.232  Besancon 

0.7 

9.2 

4.237  Lyons 

2.s 

6.6 

4.213  Algiers 

52J 

10.3 

4.554  Denver 

5.1 

8.5 

4.592  Mt.  Hamilton 

5.1 

9.0 

5.179  Nicolajew 

4.5 

13.8 

5.212  Jena  W. 

4.11 

5.1 

5.220  Bamberg 

5.0 

+   6.2 

5.222  Arcetri 

0.0 

-  6.1 

5.234  Algiers 

3.0 

+   7.2 

5.871  Tokio 

9.8 

14.8 

5.891  Windsor 

0.9 

7.9 

6.107  Kasan 

1.9 

10.!  1 

6.  l  75  Nicolajew 

5.9 

11.0 

6.204  Rome 

1.6 

10.0 

6.215  ( lottingen 

1-1.2 

5.1 

6.217  Geneva 

1.7 

9.3 

6.233  Heidelberg 

4.4 

8.6 

6.866  Tokio 

+   6.5 

3.2 

7.204  Jena  V . 

-    4.4 

3.3 

7. 158  Northampton 

0.3 

8.0 

7.516  <  !olumbia 

O.li 

7.7 

7.555  Denver 

+    4.0 

5.S 

7.858  Tokio 

11.5 

14.6 

8.164  Nicolajew 

1.7 

9.9 

8,198  Bamberg 

6.2 

7.'J 

8.208  Strassburg 

0.8 

10.1 

8.217  Hei  lelberg 

0.6 

9.0 

8.232  Algiers 

3.3 

1.3 

8.524  I  lenver 

5.1 

8.2 

8.849  Tokio 

10.S 

9.7 

9.092  Kasan 

3.9 

8.3 

'i  l  1  1  Nicolajew 

5.:; 

10.3 

9.861  Tokio 

1.4 

3.2 

Nov.   10.205  Bamberg 

10.6 

S.2 

10.237  Algiers 

12.4 

5.0 

10.853  Tokio 

■  15.9 

15.9 

1  L.079  Kasan 

-     1.2 

1 1.137  Nicolajew 

+    7.4 

5.7 

LI. 196  Strassburg 

10.4 

7.6 

11.197  Padua 

10.9 

7.1 

1 1.214  Besancon 

10.0 

9.3 

11.227  Algiers 

12.(1 

9.2 

1 1.522  Den 

11.5 

6.2 

12.140  Nicolaiew 

10.7 

6.3 

12.194  Padua 

10.4 

16.7 

12.215  Besancon 

S.4 

12.579  Mt.  Hamilton 

6.9 

-   3.3 

13.209  Besancon 

9.1 

-   3.7 

Date 


Place 


Ju  cos  3        Jd 


Nov.    13.525  Denver 
15.193  Rome 
15.519  Denver 
17.518  1  lenver 
17.570  Mt.  Hamilton 


Deo. 


Dee. 


Jan. 


Jan. 


Jan. 


1  1.9 
6.4 

11.1 
7.6 


+   6.2 

4.4 
17. s 

7.5 
18.3 


1  1.837  Santiago 
12.839  Santiago 

!9  Santiago 
15.S27  Saul  iago 

1 1  Santiago 


-   .i.  i 

■  15.6 

10  t 

16.7 

2.0 


7.7 
1.9 
1.0 
ii  S 
6.0 


13.217  Windsor 
25.217  Win 
26.21  1  Windsor 
27.191  Windsor 
27.7  15  Santiago 
30.208  Windsor 
30.719  Santiago 

2.208  Win 

2.705  Santiago 


7.(1 

11.9 

11.7 

S.O 

1.9 

19.4 

14.4 

8.9 

5  8 


3.6 
7.1 
6.6 
3.2 
2.1 
8.3 
3.9 
0.x 
8.4 


5.219  Windsor 
6.203  Windsor 
7. 185  Windsor 

8.697  Santiago 

9.698  Santiago 
10. 175  Windsor 
12.794  Cordoba 
12.813  Cordoba 
13.715  Cordoba 
13.733  ( lordoba 


5.3 

5.4 

+  10.2 

-   0.7 

+   0.1 

10.1 

13.8 

+  13.5 

16.8 

16.3 


1.7 

6.5 

7n  7 

3.0 

28  1 1 

-16.4 

19.1 

•13.8 

7.2 

8.7 


19.120  Windsor 
20.640  Cordoba 

22.62S  Cordoba 
23,0  15  Cordoba 
2  I  592  <  'ordoba 
25.005  ( 'ordoba 
25.000  Santiag  > 
27.000  Santiago 
27  963  W  indsor 
28.63  I  Cordoba 
2S.951  Windsor 


8.2 
11.0 

14.3 

12.9 

2.7 

4.0 

0.4 

+  13.3 

0.8 

+   6.8 

-   0.8 


23.6 

25.2 
21.8 
25. 1 
25. 1 
25.3 
30.6 
33.8 
::.;  g 
31.4 
32.3 


Jan.    29.599  Santiago  - 14.7  15  9 

29.819  Denver  -   9.6  34.8 

29.874  Mt.  Hamilton  -  15.6  28.3 

29.94  I  Windsor  -  0.6  3  '  5 

30.559  Cordoba  2.8  31.8 

30.829  Denver  2.0  28.9 

30.950  Windsor  3.3  33.1 

31.953  W  indsor  1.5  13.6 

Feb.     2.561  Cordoba  1.8  28.2 

5.0,3  Washington  v,  33.5 

5.759  Cordoba  1.3  48.1 

0.755  ( lordoba  7.2  32.0 


Feb.    1  1.315  Marseilles 

1  1.683  Mt.  Hamilton 
1  1.953  Windsor 
15.930  Windsor 
10  325  Marseilles 
16. 102  Besancon 
16.732  I  (enver 
17.53  1   Marseilles 
17.3  Is  Besancon 
17.551  Strassburg 
17.050  Mt.  Hamilton 
is. 310  Marseilles 
is.:;  1 1  Besancon 


15.5 

7.5 

0.3 

3.4 

8.5 

1.1 

9.2 

0.0 

;,, 

15.1 

15.1 

1  1 .2 

5.1 


33  7 
28.6 

;  i.9 

29.4 
34.8 
29.3 

25.1 

20.2 
22.6 
25. 1 
2  ;  7 
30.7 


Feb. 


Date 

is. 552 
1  s.O  1(1 
is. 000 
19.34  : 

10.070 
20  3ts 

20.61  I 
20.657 

21.523 
21.381 

21.052 

21.007 
21.678 
22  582 

22  010 

23.312 
2:;  107 
23.622 
25  647 
23.659 


Place 

Strassburg 

iba 
Denver 
Marseilles 
Strassburg 
Algiers 
Denver 

lurg 
Algiers 

igton 
Denver 

illes 
Algiers 
(  ordoba 

'igton 
Columbia 
Denvi  1 
V\  ashington 
( lordoba 

eilles 
Algiers 
<  'ordoba 
\\  ashington 
Mt.  Hamilton 


da  cos  ■> 

11 

-10.4 

5.4 

4.0 

14.5 

9.2 

12. s 
10.5 

10.9 

7.1 
13.1 
12.S 
15.6 
10.1 

4.3 
10.1 
12.7 
10. s 
1  1.9 

s.7 
13.5 
15.7 


Mar. 


;  51 H ' 

20.510 
21.333 
22552 

13.605 

2  1.0  15 
25.528 
20.551 
27.626 

30.000 


Denver 

\\  ashington 

Washn 

Washii 

Strassburg 

Heidelberg 

Heidelberg 

Strassburg 

Denver 

Denver 

igton 
Washington 
Denver 
Denver 


Jo 

27.0 
22.1 
28.2 
26. 1 
28.4 
25.5 
17.1 
25.2 
27.7 
-21.9 

2  1.7 
20  7 
24.6 
18  I 
23.3 
22.4 
51.0 
21.1 
27.0 
is. 5 
21.7 


Feb.   24.341  Strassburg 

8.5 

13.6 

24.341   Marseilles 

6.2 

6.8 

21500  Lvons 

12.5 

19.3 

:'•.-'■  12  Marseilles 

11.1 

23,. 7 

25.605  Washington 

12. S 

22.0 

25.01  1  Cordoba 

13.1 

10    1 

25.659  Mi.  Hamilton 

s.O 

22.7 

26.326  Marseilles 

13.1 

23.0 

26.359  Strassburg 

17.2 

22.5 

26.398  lie^meon 

1.6 

20.7 

20.100  Lvons 

7.3 

21  2 

26. 105  Algiers 

7.8 

26.586  W  ashington 

5.1 

24.6 

26.733  Mt.  Hamilton 

0.7 

22.6 

2,  ,5  2  Algiers 

11.2 

is. 7 

27.628  Cordoba 

is. 7 

28.311  Lvons 

11.4 

i    ; 

28.378  Algiers 

0.5 

20.3 

Mar.       1.284  Marseilles 

20.7 

30.4 

1  530  Washington 

i .. 

24.4 

2.50s  ( lordoba 

15.7 

25.0 

2.053  Denver 

4.0 

34.0 

15.0 

loba 

s.O 

3.580  Washington 

S.S 

24  8 

i 

11.2 

24.5 

1.410  \lgiers 

10.7 

17.7 

1.570  \\  ashington 

8.5 

20.2 

1.593 

16.3 

22  2 

1  1  ordoba 

LS.6 

1 1 .3 

8.1 

12.5 
s  ! 
2.7 
s.O 
0.2 
9.7 

11.2 
1.3 

11.0 
4.4 
5.5 
.^..^ 
0.5 
-    0.6 


13.0 
17.5 
15.5 

4.3 

- 
2S.0 
15.0 
13.4 

O.s 

13.3 

12.0 
14.S 
14.2 
13.0 

10.0 


The  Normal  Places. 

In  building  the  normal  places  each  observation  used 

was  given  the  weight  unity,  except  when  a  1110:111  of  two 


or  more  observations  entered  in.  In  all  such  eases  the 
mean  received  the  weight  of  the  original  observations  of 
which  it  was  composed.  Observations  enclosed  in  paren- 
theses have  been  omitted.    Xo  tixed  rule  was  observed  with 
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regard  to  these  observations,  but  personal  judgment  was 
largely  relied  upon.  The  normal  places  and  their  dates 
are: 


1902  Sept.    6  1 

H>. I 
25.5 

i  id .  6.6 
15.9 
25.] 

Nov.  4.0 
12.6 

Dec.  14.0 
28.5 

1903  Jan.    10.0 

24.5 

Feb.      1.0 

20.0 

28.0 

Mar.   23.5 


_y>  c 

-  4.72 

4  05 
3.19 
3.49 

4.04 

3.4S 
10.10 

7.8 
10.3 

9.1 

+   7.8 

-   3.9 

10.0 

11.0 

-  6.9 


A 

It 

4  S2 
3.03 
0.21 
-   5.97 
7.51 
8.46 
7.27 
8  19 
2.3 
4.9 
11.9 
26  S 
31.9 
24.6 
21.6 
1  1.8 


YVt. 

198 

101 

184 

1  10 

128 

L39 

106 

25 

5 

9 

10 

19 

16 

40 

37 

1!) 


The  perturbations  were  computed  for  Jupiter.  Saturn, 
Earth  and  Mercury.  The  Mercury  perturbation  was 
taken  into  account  because  of  the  close  approach  already 
spoken  of.     As  might  be  suspected  from  the  high  inclina- 


tion of  the  orbit  and  the  consequent  rapid  withdrawal  of 
the  comet  from  the  neighborhood  of  the  planets,  the  per- 
turbations are  small.  The  osculation  being  at  perihelion 
and  the  algebraic  sign  being  changed  thev  are: 


_Y<  cos  3 


A» 


1902  Sept. 

6.4 

0.5 

-2.0 

16.4 

0.5 

2.3 

25.5 

+0.3 

2.6 

Oct. 

6.6 

-1.4 

2.2 

15.9 

0.7 

1.0 

25.1 

0.5 

0.5 

Nov. 

4.0 

0.2 

0.2 

12.6 

0.1 

+  0.1 

Dec. 

14.0 

0.0 

-0.2 

28.5 

0.0 

0.5 

1003  Jan. 

10.0 

0.0 

1.0 

24.5 

0.7 

1.4 

Feb. 

1.0 

1.0 

1.7 

20.0 

1.5 

1.5 

28.0 

1.6 

1.5 

Mar. 

23.5 

-1.7 

-1.5 

The  differential  coefficients  of  the  orbit  were  formed  by 
the  Schonfeld  method  as  follows,  the  coefficients  being 
given  by  their  logarithms: 


Wt. 


-0.1099  &k 
0.2200 
0.3976 
0.2450 
9.5106 
9.1665 
9.2684 
1699 
9.5126 

It.*," 

9.9504 

0.2534 

0.2824 

0.1545 

0.0982 
-9.9866 
+  9.G507 

0.7510 

(-9.5542 

-0.3149 

9.9728 

9.4157 

8.9353 

8.77UO 

9.0470 

9.3892 

-9.6191 

(-8.8727 

9.7533 

9.8505 

9.7823 
+9.5981 


-8.5472  K'V^Sr 
8.4640 
9.0' 
0.3489 
0.2331 
0.0767 
0.0027 
0.0063 
9.9739 

0.0329 
9.9270 

9.6777 

8.5400 
-7.3678 

8.0600 

9.3502 

9.6363 
-9.9209 

9.6978 

9.9001 

9.7190 

9.5082 

9.4193 

9.2139 
+  9.0025 
-8.7879 

9.7641 

9.7947 

9.3984 

9.1946 
-8.6493 


-0.3871 

0.4416 

-0.4  is  I 

+  0.1070 

0.2417 

9.9548 

9.5989 

9.2388 

-9.4113 

'.'.7100 

-9.7807 

+9.9331 

0.2813 

0.4121 

0.3984 

0.3431 

8.6289 

-9.3691 

0.1172 

-0.3122 

+7.S553 

9.2802 

9.0250 

+8.6544 

-7.0481 

+9.1984 

9.8317 

0.1197 

9.8953 

-9.5400 

9.6877 

-9.7671 


-0.2445  8q 

0.3007 

0.6302 

0.6136 

0.0478 

9.6196 

9.4476 
-9.3075 
-  9.8723 

0.0659 

0.3040 

0.5209 

0.4989 

0.277s 

0.1001 

0.0366 

9.9022 

0.0544 
+0.0251 
-0.5908 

0.3317 

9.8133 

9.2417 
-S.0077 
+  9.4790 

0  7415 
+9.8468 
-9.6850 

0.1036 

0.0501 

0.0.177 
-9.69S1 


+  9.0615  SA 

8.9980 
-6.9715 

0.4'.  129 

9.1420 
-8.1788 

8.6260 

8.8070 
+  8.20  17 
-7.9441 
+8.2479 

9.3258 

9.4824 

9.4873 

9.4539 

9.3747 

9.8787 

0.0214 

9.95o:: 

9.8368 

0.5s  17 
+  9.6903 
-9.1773 

9.3917 
-9.0518 
+9.0789 

9.6086 

O.s  404 

9.8928 

0.0335 

9.9185 

9    523 


+9.2671 
I  2612 

-7.3059 
9.9590 
9  8131 
9.5368 
0.2445 

-8.9290 

+8.8436 

s.7!i-ls 

8.7317 

9.6403 

9.7410 

9.6474 

9.5834 

-9.4348 

+0.0843 

0.1846 

0.2906 

0.3029 

0.2552 

0.0483 

9.7958 

+  9.5139 

-9.6007 

9.9296 

0.0923 

0.1540 

0.1514 

0.0936 

0.04S0 

-9.9124 


-  5.2 

198 

4.2 

101 

4.3 

184 

1.8 

140 

2.8 

128 

3.5 

139 

3.3 

106 

10.0 

25 

7.s 

5 

10.3 

9 

9.1 

10 

+  7.1 

19 

-  4.9 

16 

11.5 

46 

12.6 

37 

8.6 

19 

2.8 

19S 

-  0.7 

101 

+  2.4 

184 

8.2 

140 

8.5 

128 

9.0 

139 

7.5 

106 

8.6 

25 

+  2.1 

5 

-  5.1 

9 

12.9 

10 

28.2 

19 

33.6 

16 

26.1 

40 

23.1 

37 

-16.3 

19 
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From  the  observation  equations  are  formed  the  following  normal  equations: 


90  8k 

-3.1303 

-3.1303 

+3.2695 

-3.3071 

+2.9158 

+3.69S6 

-3.4295 

-1.6738 

-2.3731 

-2.5189 

-2.6312 

KV2  3  77 


+3.3071  % 
+2.9158 
+3.7668 
1-3.61  is 
- 2.7057 
-3  2230 


+3.6986  o,i 

-3.4295 

+3.6118 

-4.0504 

-1.2603 

-2.6086 


-1.6738  8A 

-2.3731 
-2.7057 
-1.2603 
h2  7608 
+2.9474 


-2.5189  8* 

-2.6312 
-3.2230 
086 
-2.0474 
+3.4546 


3  ''777 
-3.8140 

4  1343 
-3.2873 
-4  0271 


the  Gauss  method  of  substitution  there  result; 


8k    -  9X013  k  y  2  8  T  +9.7781  !f 
«    j8T  +0.0922  : 


+0.1696  89 

-9.7202  8q 

+9.8736  8q 

8q 


8k  = 

-0.745 

8q  =    +  2.480 

T  = 

+7.918 

8A  =    -15.137 

oe  = 

-3.352 

S*  =    +   7.862 

J«   COS  u 


43 


Wt. 


+  1.0 

-0.6 

198 

-0.2 

+0.2 

mi 

-0.3 

+  0.6 

184 

-0.3 

-0.1 

140 

^0.7 

-2.6 

128 

+0.5 

+5.5 

0.9 

-1.5 

106 

1.5 

0.5 

25 

-1.8 

+2.1 

5 

-3.0 

+  1.2 

9 

-6.4 

+3.7 

10 

+  0.4 

:;  s 

19 

-2.6 

+0.5 

16 

-0.7 

lis 

46 

-1.7 

+0.5 

37 

+  1.0 

+  0.8 

19 

As  is  indicated  by  this  solution  the  orbit  is  weakly 
elliptical,  the  logarithm  of  the  eccentricity  being  9.999986. 
In  all  such  cases  one  is  tempted  to  tl  ink  thai  the  apparent 
departure  from  a  parabola  is  only  an  accident  due  to  some 
peculiarity  of  the  method.  In  the  present  case,  however, 
an  examination  of  the  data  leads  to  the  conclusion  that 
the  orbit  is  not  parabolic  but  slightly  elliptic  in  its  char- 
acter. Solving:  the  normal  equations  again  as  functions  of 
the  eccentricity  there  results: 


8k  = 

-  1.90 

-0.348  Se 

8X  = 

-16  01 

-0.262 

v/2  8  T  = 

+3.13 

-1.426 

8*  = 

8.98 

ii334 

89  = 

0.68 

-0.53G 

-8.1448  SA 
-9.2855  8A 
-8.7990  SA 

+8.2S70  8A 
8A 


-8.9899  8* 
-9.6270  8* 
-9.4759  8* 
+  9.2501  8* 
+0.1432  8* 
S* 


-0.44S7 
+0.3142 

-0.4619 
-0.5546 
-0.6237 
+0.S955 


From  these  elimination  equations  are  derived  the  values 
of  the  various  unknown  quantities  as  follows: 


Substituting  in  the  observations  the  residuals  become: 


Ja  COS  0 


Substituting  in  the  observation-equations  we  have  the 
residuals 


-4.2 

-0.48  & 

-2.6 

+0.42 

+  0.9 

+0.18 

-2.7 

-  0.39 

+  1.2 

+0.08 

+  2.6 

+  0.32 

-  2  2 

+0.45 

S3 

+  0.56 

-3.4 

+0.03 

+4.9 

+1.18 

+3.4 

+  1.47 

+6.1 

+0.85 

_'  1 

^-0.03 

-6.7 

-0.89 

-8.1 

-0.!'.-) 

-4.9 

-0.01 

-0.6 
+0.6 
+  1.9 
-1.7 

-4.7 
-5.1 
-1.6 

II  s 

+3.0 
+3.6 

-2.0 
-4.5 
+  1.7 
+2.5 

-  3.7 


Jd 

+0.01  Se 

-0.06 

+0.20 

-0.27 

-0.33 

-0.06 

-0.01 

+0.05 

0  2t 
+0.26 
-0.01 
-0.86 
-0.74 

0.13 
+0  . 
-0.43 


If  these  residuals  are  squared,  multiplied  by  their  re- 
spective weights  and  the  products  added,  there  results: 

Zp  w  =  343.8  Se2   -4730.6  8e    +24151.9  =  0 
The  first  derivative  of  this  function  placed  equal  to  zero 
gives  —6". 9  as  the  value  of    8e,  thus  agreeing  with  that 
already  found.     If  now  various  values  of  Se  be  substituted 
we  mav  form  the  following  table: 


5, 

- 

0 

24152 

-    1 

L9759 

—   2 

16054 

-   3 

13036 

-    4 

10706 

-    5 

9064 

-   6 

MOO 

-    / 

s 

-   9 

0370 

-10 

11166 

from  which  it  is  seen  that  the  ellipse  reduces  the  sum  of 
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the  square?  of  the  residuals  to  about  a  third  of  their  amount 
when  a  parabola  is  supposed. 

The  method  here  indicated  enables  one  to  easily  in- 
vestigate the  eccentricity  which  results  from  various  com- 
binations of  observations.  The  righl  ascensions  taken 
separately  are  best  satisfied  with  —6". 9  while  the  declina- 
tions call  for  —6". 7.  All  the  observations  before  perihelion 
are  best,  satisfied  by  —  8".0  and  after  perihelion  by  — 5".8. 
The  declinations,  however,  have  only  about  one-third  the 
weight  of  the  right  ascensions  for  this  purpose.  Using 
only  the  right  ascensions  before  perihelion  the  value  of 
8e  indicated  is  7". 7.  while  the  right-ascensions  after 
perihelion  are  best  satisfied  by  —6". 2.  When  it  is  remem- 
bered that  a  change  of  one  second  of  arc  corresponds  to  a 
change  of  only  five  units  in  the  sixth  decimal  place  in  the 
resulting  eccentricity,  this  rigidity  of  the  value  of  8c 
appears  to  indicate  the  real  existence  of  an  ellipse. 

Assuming  the  elliptical  solution  as  the  most  probable 
the  values  of  the  corrections  to  the  elements  are: 


8T  =    +  0.00157s 

Si  = 

-13.88 

8c  =    -  9.3".35 

S7  = 

0.0000120 

S&  =    -24  .71 

Se  = 

-0  0000325 

1902.0 


Collecting  the  results  and 
we  have  as  the  definitive  elfmen 

T  =  1902  Nov 


«.  =  152  57  27.2  ±1.3  > 
&  =    49  20  52.6   ±3.S 
i  =  156  20  51.2   ±0.0  ) 

log./  =  9.603225   ±0.000001 
loge  =  9.999986    I  0.000002 


As  the  accuracy  of  the  Schonfeld  equations  had  been 
thoroughly  tested  by  the  method  of  arbitrary  variations 
of  the  elements  it  only  remains  to  test  the  accuracy  of  the 
definitive  elements.  The  places  of  the  comet  were  com- 
puted for  the  dates  of  the  first  ami  third  normal  places 
with  the  resulting  residuals 


Ja  cos  3 

+0.S 
-0.3 


Jd 

II 

-1.6 
+  1.0 


OBSERVATIONS   OF   WINNECKE'S  PERIODIC    COMET, 

MADE    WITH    Till;    12-INCH    REFRACTOR    OF   THE    ARGENTINE    NATIONAL   OBSERVATORY,  CORDOBA, 

By   0.  D.  PERRINE. 


\ 

log  p  A 

Red.  to 

Ap.  IT. 

Greenwich  Mean  Time 

* 

i  'omp. 

In. 

JS 

App 

a 

App. 

3                             8 

a 

8 

1009            (1 

Nov.    2 

h        in       s    i 

11   52     0 

1 

1 1 1  .  S 

Ill           8 

-1  0     5.05 

5 

41.4 

h 

17 

ii 
22 

s 

12.75 

O 

-27 

50 

54.1 

9.73S7 

,,0.4920 

+  0.69 

-    5.2 

2 

12    11  54 

■j 

10  .  10 

1)   21. OS 

+  6 

5.2 

17 

22 

18.06 

28 

0 

6.5 

9.7481 

„  0.5377 
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The  faint  1  >.M.  stars  w  ill  be  observed  as  soon  as  possible 

with   the  new    190   mm.     Repsold   Meridian   Circle  and 

their  positions  will  be  published  promptly.    It  is  thought 

however,  not  to  delay  the  publication  of  the  comet 

observations  on  this  account. 

NOTES. 


The  positions  of  the  other  stars  are  taken  from  the  forth- 
coming A.G.  catalogs  -22°  to  -37°  which  are  nearlv 
ready  for  printing. 


Aa  and  Jo  were  observed  by  transits  on  Nov.  2  (*2)  4,  10,  16  (*10) 
28  (*1S)  and  Dec.  2.  On  all  other  dales  the  distances  were  measured 
directly  with  the  micrometer. 

Nov.  '_'.     Comet   about   1'  in  diameter;     10th  mag.     Brighti 
center;    some  indications  of  a  nucleus. 

Nov   6      Cornel    10th  magnitude. 

Nov.  7.     Comet    104  magnitu 


Nov.  8.  Comet  11th  magnitude.     Central  condensation.    A  faint 
nucleus        not  always  visible. 

Nov.  9.  Comet  foi-  magnitude. 

Nov.  lb.  Observation  interrupted  by  clouds.  Comet  11  mag.;  cen- 
tral co  m,  but  can  detect  no  nucleus     Comet  about  1' diam. 

Nov    22.  Cornet     10    mag.     Central    condensation.      Xo    nui 
visible. 
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Nov.  23.     Comet    10   mas.     Central   condensation.     Xo   n 
visible,  V  diameter. 

Nov.  -'4.     Comet  faint  and  difficult  in  moonlight. 

Comet  faint  and  difficult  in  moonlight. 

Comet  very  faint  and  difficult  in  full  moonlight. 

Comet  faint  and  difficult.     Full  moon  just  above  east 


Nov.  25. 
Nov.  26. 

Nov.  27. 
horizon. 
Nov.  28. 


I  ral 
no  tail. 
12  mag.     Seeing  3 


condensation. 


Sky 


i     about     10th     mag. 
Faint  nucleus — 13  mag.     Comet  round  - 

Nov.  29.     Comet  has  decided  nucleus 
good.     Diameter  If. 

Nov.  30.     Comet    easy.     About    9i   mag.     Nearly   as  bright    as 
9.0  comp.  star.     Centra!  condensation.     Nucleus  12  mag. 

Dec.  2.     Comet    9*   mag.    Well  marked  central  condensation. 
_   1. 

.">.  Come;  about  9i  mas:,  with  decided  central  condensation. 
Much  sharper  towards  the  south  preceding  side.  Indications  of  an 
extension  like  a  short  tail  in  the  opposite  direction  —  i.e.  pointing 
awav  from  sun. 

Dec.  6.     Comet   2'  diameter.     9* — 10  mag.     Central  condensa- 
tion and  at  times  a  very  faint  stellar  nucleus. 

Dec.  7.     Comet     10   or    10 V    mag.      IV    diameter.     Central    con- 
densation.    Comet  appears  to  be  getting  fainter. 

Comet  about  11  magnitude.     Very  faint  nucl 
Comet  II  magnitude.     Faint  condensat  ion  and  nucleus. 
Comet    about     11    mag.     Much    fainter.     Difficult    to 
Central   condensation   but    can   detect    no   nucleus.      IV 
Seeing  3.     sky  good. 

uet  11  magnitude.  Central  condensation  and  at 
times  very  faint  nucleus  of  about  13  magnitude.  Comet  is  just- 
visible  in  4-inch  tinder.     Seeing 


- 


Dec.  S. 
Dei  9. 
Dec.  10 

measure. 

diameter. 

Dec.  11 


Dec.  12.     Comet  about  11  magnitude.     Central  condensation  and 
only  trace  of  a  nucleus.     One  thin  patch  of  cloud  interfered. 
Dee.  13.     Comet   10?  mag.:    2'  diam.      Is  more  sharply  defined 
p.  side.     Slight  extension  of  nebulosity  in  opposite  direction. 
Central  condensation  and  at  times  indications  of  a  nucleus. 
Dec.  15.     Comet  very  faint. 

Dec.  19.     Could  find  no  trace  of  comet.     Moon  7  days  old. 
3;    sky  excellent. 

28.      Faint  central  condensation.     No  nucleus. 
Dec.  30.     Comet  11  magnitude.     Difficult  to  measure. 
Dec.  31.     Comet  about   11 V  magnitude:    1'  diameter.     Comet  is 
fainter  than  last   night.     Is  not   visible  until  twilight  is  all  gone. 
Faint  central  condensation;   no  nucleus. 

Jan.  2.     Comet    very   faint;    about   2'  diameter.     Faint   central 
condensation.     Difficult  to  measure. 

Jan.  3.  at;   about  11J  magnitude.     Faint  central  con- 

no  nucleus:    2'  =  diameter.     Seeing  4       Sky  good. 
Comet  very  faint ;    1H  mag.     Difficult  to  measure;    1' ± 
Faint  central  condensation      Seeing  4.     Sky  good. 
net  very  faint:    1'  =  diameter.     Difficult  to  measure. 
■  mt  central  condensation. 
Jan  y   faint;     11 V   magnitude.     Slightly  brighter 

towards  center.      Xo  nucleus. 

Jan.  10.     Comet  very  faint;  }'  to  1' diameter.     Very  faint  central 
condet 

Jan.  12.     Comet   very  faint;    about    12  magnitude.     Very  faint 
central  condensation.     Xo  nucl' 

Jan.  13.     Glimpsed  comet  a  few  times:    but  could  not  measure 
it  for  the  moon. 


ition ; 
Jan.  ii. 
diam 
Jan.  S. 
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AN   INTEGRABLE   (ASK   IN   THE    RESTRICTED  PROBLEM  OF  THREE  BODIES. 

Bi    VV.  D.  MacMILLAN. 


In  the  restricted  problem  of  thn  -  two  of  the 

bodies  are  finite  and  revolve  about  their  common  centre 
of  gravity  in  circles,  while  the  third  body  is  infinitesimal, 
moving-  under  the  combined  attraction  of  the  two  finite 
bodies.  The  problem  is  to  determine  the  motion  of  the 
infinitesimal  body.  Referred  to  a  rotating  system  of 
axes,  the  problem  admits  five  particular  solutions  in  which 
the  coordinates  of  the  infinitesimal  are  constants.  These 
solutions,  known  as  the  Lagrangian  solutions,  were  the 
only  solutions  known  up  to  the  time  of  Poixcare's  mem- 
orable work  upon  the  subject,  in  which  the  central  idea 
was  analytic  continuation  with  respect  to  a  parameter. 

The  purpose  of  the  present  paper  is  to  show  that  if  we 
still  further  restiict  the  problem  by  supposing;  the  two 
finite  bodies  to  be  of  equal  mass  and  the  infinitesimal  body 
to  be  moving  in  their  common  axis  of  revolution,  the 
motion  can  be  completely  determined  by  means  of  elliptic 
integrals 

The  Differential  Equations. 

If  the  unit  of  mass  be  chosen  so  that  the  sum  of  the 
masses  of  the  two  finite  bodies  is  one.  the  masses  of  the 
two  finite  bodies  may  be  denoted  by  m  and  1 — m  respec- 
tively. If  the  unit  of  length  be  taken  equal  to  one  half  of 
the  distance  between  the  two  finite  bodies  and  the  unit  of 


*  Since  this  paper  was  written  my  attention  has  been  called  by 
E.  <  >.  Lovktt  to  the  fact  that  these  elliptic  integrals  were  obtained 
by  I'avinini,  Annali  ■!>  Mathematica,  Vol.  13  (1907  .  Pavixixi, 
how  ever,  does  not  give  the  expansions  in  periodic  series. 


time  chosen  so  that  the  Gaussian  constant  k  =  1,  then 
the  differential  equations  of  motion  of  the  infinitesimal 
body  in  rotating  coordinates  are  :t 


- 


dx 
dt 


-     I 
=       -  (1 


. 


(1) 


v/C''   -    1    -        f+Z2 


1\  =  \A.r-l  :•     •     ' 

when  are  the  coordinates  of  the  infinitesimal  body, 

c,  and  xs  are  the  coordinates  of  the  two  finite  bodies  in 
the  rotating  plane,  and  r,  and  r.,  are  the  distances  between 
the  infinitesimal  and  (1  —  m)  and  lectively. 

Equations   (It   admit    an   integral    known    as  Jacobi's 
integral,  viz.: 


+ 


>\  r. 


Solution  of  the  Particular  Problem. 

[f  we  suppose  the  two  finite  bodies  to  have  equal  mass 
then    l  —  i  =  \  .  and    .i\  =  -.r.>.      Let    us    suppose 

also  that  the  infinitesimal  is  moving  in  the  z-axis.     Then 
/•,  =  r2  and 

dx  _  dy  _  d2x  _ 
=  Jt  ~  7/7  ~  7/7- 


ti 


Moulton's  Celestial  Mechanics,  p.  185. 
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satisfy  the  first  two  equations  of  (1)  and  there  remains 
simply 


d-z 


s  + 


r//'-'       (v'1  +  22)8 
and  the  integral  becomes 

AfeY  2 

(4) 


0 


c  . 


dtj       VT+. 
The  integral  is  rationalized  if  we  put 

U~ 

becoming 

(5)  ti'-  =  2  u4  (1-u2)   (u-c). 

Thus  i  is  expressible  as  an  elliptic  integral  of  u.  This 
integral  can  be  reduced  to  the  normal  form  of  Legendre 
by  the  substitution 


Since  the  velocity  vanishes  for  z  =  a  we  can  replace  z  by 
a  (1—1)  and  take  the  initial  values. 

b      dt 

With  these  conditions  £  is  a  periodic  function  of  t  with 

p 

the  period  P.    If  now  we  make  the  substitution  t  =  —  -  • 

'1~ 

£  will  be  a  periodic  function  of  t  with  the  period  2v  what- 
ever be  the  value  of  A".  On  making  these  substitutions 
in  equation  (3)  and  putting 


|  we  obtain 


i- 


1 


from  which  follows 

<6>J>  -jTi 


r/r 


■,F=Ki-c). 


[1-2AV]2  V(l-t>*)  (1-fcV) 

It  can  also  be  reduced  to  the  normal  form  of  Weier- 
stbass  by  the  substitution 

2(l-c) 


1 


from  which  we  get 

(7) 


_s-(l-«c). 


s+(l-Jc) 


ds 


Vi(s-l-lc)  (s+  fc)  (s+  1  -  Jc) 


-/■■ 


rf/. 


These  are  elliptic  integrals  of  the  third  kind  from  which 
t  can  be  computed  for  assigned  values  of  z.  The  problem 
ore  completely  solved.  For  most  purposes  how- 
ever it  is  mine  convenient  to  have  z  expressed  as  a  function 
of  t.  Obviously  the  motion  of  the  particles  along  the 
oi  lie  provided  it  does  not  have  sufficient  velocity 
i  o  recede  to  infinity,  and  this  condition  will  be  guaranteed 
provided  o  <  c^l.  The  period  is  of  course  a  function 
of  the  constant  c,  and  the  quarter  period  can  be  obtained 
by  integratinj  etween  the  limits  0  and  1.     If  we 

denote  the  period   by     P,  and  integrate    6     as  a  power 
series  in  /.'".  we  find 


/' 


1  \    :>  + 

(i4 


and  this  expression  converges  for  all  values  of    lr<\. 

Solution  as  a  Periodic  Function  of  f. 

Let  us  denote  the  maximum  value  of  :  by  a,  then  the 

constant  c  has  the  value  — -7=    -.and  lr-        I 


Vi 


\  l     a 


/•- 


d*£ 

dr- 


1      M    -     l-£) 
[1-/1(2*-**)]* 


0. 


(9) 


From  the  definition  of  /x  it  is  seen  that  fc2=  i  (1  —  \/\  _M) 
and  consequently 


/'  =  2* 


1 


16' 


489 

1024' 


which  converges  for  all  values  of    ^<1  .    that  is  for  all 
finite  values  of  a.     Hence 


P 

4 


j-,0  -/»)!  =  ! 


21     s 
0T2" 


Since  the   initial  values  are    $  (0)  =  0  . 


<ff(0) 
dt 


0 


it 


follows  from  the  general  theory  of  differential  equations 
that  t  is  expansible  as  a  pow  er  series  in  /*  which  converges 
for  any  assigned  interval  of  r  and  for  values  of  /*  suffi- 
ciently small.  As  we  have  already  seen  t  is  with  these 
initial  conditions  periodic  in  r  with  the  period  2-  what- 
ever be  the  value  of  /a  provided  0<ii<  1.  Hence  the 
coefficient  of  each  power  of  n  is  separately  periodic.  We 
may  write  therefi 

£  =  £,  +  6/1 +  &/**+   .... 

and  expand  equation  (9)  as  a  power  series  in  /*.  We  thus 
obtain 

o={£  +  *,-i|  i-K     -     |(i-i    -l(i-Q(2*„-*0i 

{g     -  ,    1     ;        K       Hf,H  I   i     s.  ][2£    -£„*]    10 

-V(l-ft)    -      ■     '-3f,(l-6)*|f»1+  .... 

the  double  accents  denoting  second  derivatives  with  re- 
spect  tO  T. 

Since  equation  (10)  is  an  identity  in  p  each  coefficient 
is  separately  zero.     Hence 

£0"  +§>  =  1,  (11) 

from  which  it  follows  that    £„  =  1  -cos  r  .   this  being  the 
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only  solution  which  satisfies  the  initial  conditions.     S 
stituting  this  value  of  t\    in  the  coefficient  of  n  we  find 

12  f,"  +  £,=  -jcosSr. 

the  solution  of  which  satisfying  the  initial  condition.-  is 

(13'  f !  =   -,;:.  cos  t  -  3r  . 

Substituting  the  values  of  £0  and  £t  thus  found  in  the 
coefficient  of  /xa  there  results 

'14  .         £2  =  -    ,-_."-  cos  3t  h  j5t  . 

[15        Thus      fa=  -4ifff  COST  +T§i?  COS  3t— 5§|F  cos  5t. 

The  integration  obviously  can  be  cairied  as  far  as  is 

desired.  From  the  form  of  the  differential  equations  it 
is  seen,  that  for  all  values  of  i.  f,  contains  only  cosines  of 
odd  multiples  of    r.     One  observes  also  that  the  right 


members  of  equations  (12)  and  (14)  do  not  contain  terms 
in  cos  t,  and  the  same  is  true  for  the  corresponding  equa- 
tions of  all  higher  powers  of"  //..  If  such  terms  did  occur 
the  solution  would  be  non-periodic  in  t  and  therefore  the 
period  in  t  could  not  be  P. 

ar  as  it  has  been  computed  the  solution  is 

[1-«mt]  +  [  cos  -  sSrj^  +  f-^       ,    .  - 

+  t!  "  COS  5t]  /r  -     .    .    . 

We  can  return  to  the  solution  for  i  by  the  substitution 
z  =a(l—  $).     If  we  also  change  the  origin  of  time  by 

replacing  r  by    t  —  ^     we  get 

-  =  „  J  sin  r-[,-;:4  sin  r  -  e%  sin  3t]  (i  +  [?^|ff  sin  t 
-  Ttiij  sin  3t  -  ^iij,  sin  5t]  /a2  +   .  .  .  \  . 
77«?  [/"nt'i  Chicago,  At         _■-     910. 


ON    A    VARIABLE    STAR   IX   SCORPIO, 


(17h  4»;m  57  7' 
By   PAUL 
The  star  in  question   is   No    24306  of  the   Argentine 
General  Catalogue,  Cordoba   DM  -34°  12262,  8M.5.     It 
is  No.  11^  of  Gould's  (luster  XXXVI.  Cordoba  photo- 
graphs, =  7    Messier  Scorpii.     In   Dr.  Gould's  notes  to 
this  cluster  ,p.  481     it  is  remarked  as  probably  variable. 
My  attention  was  attracted  to  it  during  the  summer  of 
1896,  while  plotting  the  charts  for  the  Cordoba  photo- 
graphs.    I  began  observations  on  the  star  on  August  19 
of  that  year,  and  continued  them  until  the  end  o: 
tember.  mak  igle  observation  on  each  available 

evening. 

In  this  latitude  the  star  is  low.  its  meridian  altitude 
being  only  about  14A  degrees,  so  that  the  nights 
enough  to  observe  it  are  not  numerous:  as  it  can  only 
be  observed  here  at  hour  angles  of  not  more  than  three 
hours,  and  this  only  on  unusually  clear  nights,  the  series 
are  necessarily  not  long. 

The  sixteen  observations  made  in  August  and  Septem- 
ber 1896  indicated  two  fairly  well-defined  minima  of  about 
the  eight  magnitude  on  August  30.312  and  September 
16.2S9.  and  maxima  were  very  roughly  indicated  by  single 
observations  on  August  25  and  September  10  and  27  at 
magnitudes  respectively  of  7M.4.  7a.6  and  7M.5.  At  that 
time,  however,  the  confirmation  did  not  seem  to  me  de- 
cisive enough  for  publication. 

Observations  were  resumed  in  June.  1897,  but  few  were 
made  during  that  season.  During  the  years  1899,  1900, 
1902  and  1905  short  lines  were  made,  the  whole  number 
collected  being  sixty-three. 

This  star  was  early  put  on  the  list  of  irregular  and  puz- 
zling cases  for  examination  for  very  short  period. 


-34°  12'.9  (187.51). 
S.  YEXDELL. 

A  preliminary  examination  showed  that  a  period  of 
sixteen  or  seventeen  days  was  plainly  indicated  by  the 
observations  of  1896;  but  those  of  the  later  years  include 
no  such  clearly  indicated  phases,  though  showing  numer- 
ous single  observations  near  maximum  and  minimum 
light. 

It  appeared  evident  that  some  period  commensurate 
with  sixteen  or  seventeen  days  afforded  the  most  promis- 
ing solution  of  the  question,  and  after  a  few  trials  the  value 
I  appeared  nearly  to  account  for  all  the  observations, 
and  a  period  of  0d.9424857  was  found  to  leave  only  two 
violently  discordant  observations,  while  in  the  curve  made 
upon  this  period  the  star's  light-range  was  less  masked 
than  in  any  formed  from  the  other  periods  of  which  trial 
was  made. 
Tins  mean  curve,  formed  from  the  elements 

=    1896,  August  19.1166°  Local  MT    h0d.9424857  E 

shows  a  sharply  marked  minimum  of  S!:. 2,  followed  at  an 
interval  of  0d.6  by  a  maximum,  also  well-marked,  of  7  5, 
the  duration  of  the  increase  thus  appearing  to  be  nearly 
double  that  of  the  decrease,  in  which  it  differs  from  the 
8  Cephei  type.  This  curve,  however,  from  the  meagreness 
of  the  material  at  my  disposal,  is  not  in  any  sense  de- 
finitive, except  that  the  maximum  and  minimum  and 
their  light-values  appear  to  be  quite  sharply  made  out, 
and  the  whole  curve  is  in  its  general  proportions  practically 
the  same  in  character  as  the  single  curve  plotted  from  the 
observations  of  1896. 

It  may  also  be  in  place  here  to  remark  that  the  ob- 
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serrations  of  the  year  1905  are  quite  well  satisfied  by  these 
elements,  the  Epochs  running  up  to  3450. 
The  comparison-stars  and  light-scale  used  are 


Cluster  XXXVI 

Cordoba  DM 

Light-scale 

M 

M 

31 

b  = 

V'.      = 

-34° 

12277     8  5 

0.0     -  50 

It 

in    : 

12253     7.4 

6.1     7.85 

d 

102     7 

12244     7:; 

8.5     7.61 

c 

58     S 

121 0.s     7.5 

8  6     7.60 

I 

60     7  A 

12200     7.5 

L0.6     7.40 

The  indicated    step-value  at    minimum   is  3.0,  and    at 

St. 

maximum  9.0:    single  observations  were  made  as  low  as 

Si. 

1.7  and  as  high  as  9.3. 


S.A.,  19)  1.  February  18 


OBSERVATIONS   OF   HALLEY'S   COMET, 

MADE    WITH    THE    12-INCH    i  "      OF    THE    ARGENTINE    NATION/  iRDOBA, 

By  C.  D.  PERRIXK. 
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a              3 
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2  35 

10  53  44 

11  2  in 

10  53  52 

11  7  13 
10  57  41 
10 
10 
10  53  1 1 

10  59  27 

11  6  40 


22 
22 
21 
11 


57 
59  15 
51   5  s 


10 
10 


11 

42 
13 

11 
15 
16 
47 
is 
19 
19 
in 

50    10  .  s 
51 
52 

53    10 
10 


HI   ,   v 
111  ,  s 

in  ,  S 

10  .  s 

Id     s 
111  .  s 

10  .  10 
10  .  10 
10  .  s 
10  .  s 

Id  .  s 

ill  .  s 

,8 

s 


51 
55 
56 
57 
58 

59  |  10  . : 

60  10,8 


lo  .  1(1 
10  .8 
12  ,8 

III   .  s 


0 

-0 
-0 
-0 

0 
-0 

0 

1 

0 

-0 
-0 
0 
-0 
+  0 
-0 
-0 
-0 
-0 
+0 
-0 
+0 


6.98 

12.73 

17. "5 

23.76 

19.46 

32. til 

16.63 

3.60 

29  27 

53.72 

2.71 

16.80 

24.14 

20.07 

4.87 

1.74 

5.61 

10.54 

7.40 

5  ~i~, 

9.68 

22  Is 


2 


2 
0 

+  0 

-  3 

0 

-  6 

+    4 

3 

4 
1 
7 
5 
9 


+ 


—  5 

12 

—  5 
+  3 
_   o 

6 


57.4 
0.2 
40.1 
58.5 
31.4 
4.3 
52  0 

3.1 

24.8 
52.5 
10.4 

1.4 
13.0 

0.6 
28.8 
34.6 
40.7 
:,:;  i' 
37.3 
39.8 


1 

1 

s 
7 

40.54 
5  34 

1 

2 

31.66 

23  53     9.50 

23  52  29.62 

23  51  54.09 

23  50  57.70 


11   10  27.94 


s  32  33.3 
h  8  29   13.8 

8   19  59.9 


-  7  47 

-f  7  47 

+  7  4G 

I-  7  4(3 


55.7 
15.2 
48.5 

37.1 


(i  2(i  38.2 


9.6221 
9.6324 
9.6379 
9.6165 
9.6437 
9  6378 

/,!i. i»,s:i 

,,0.0557 

«9.6579 

rc9.6584 

9.6674 

9.6629 

0.0772 

9.6735 

9.6822 

9.6784 

0.0S15 

0.0701 

o.o.sio 
9.6891 
9.6986 


rc0.7114 
rcO.7083 
.,o  7064 
reO.7120 
w0.7037 
,,0.7053 
ttO.7000 
rcO.6916 
0  19  •, 
rcO.6959 
n0.6957 
,,0.0277 
n  0.6254 

,,00300 
,,0.0277 
n0.6323 
rcO.6297 

,,0.0300 
,,0.0200 
n  0.6302 
,,0.6341 
,,0.0410 


1  06 

1.08 
-1.10 

1.12 
■1.16 
■1.18 
-1.22 

1.21 

1.18 
■1.16 
-1.12 

0.03 
-0.03 

0.04 
-0.03 

0.04 

(Mil 

-0.04 
-0.04 
-0.04 
0.04 
-0.04 


4.7 
4.8 
1.0 
5.0 
5.3 
5.4 
5.6 
0.0 
9.0 
9.0 
8.8 
1.4 
1.3 
1.2 
1.2 
1.3 
1.2 
1.2 
1.1 
1.1 
1.0 
0.9 


M<</n  Places  of  Comparison- Stars  for  1909.0  and  1910.0. 


* 

a 

8 

Authority 

* 

a 

8 

Authority 

1 

i 
1 

i      m      s 

3(1  21.50 

15 

57  29.4 

A.G.  Berlin  A 

1231 

31 

h        in       s 

1    40  5s 

O 

+  10 

17.6 

B.D. +10°  250.      0  +  5 

2 

1 

25 

33.00 

15 

5,      ,  .3 

•• 

1203 

32 

1   47  31 

+  10 

5.8 

B.D. +  9°  231.     9+5 

3 

4 

20 

25.27 

15 

44     1.8 

1171 

33 

1  42  54 

+ 

9 

57.7 

B.D. +9°  220.     9M.5 

1 

4 

6 

1.10 

-  15 

23  24.1 

.. 

1105 

34 

1    39  42 

+ 

9 

57.1 

B  1)  +9°213.     9+5 

5 

4 

0 

16.28 

+  15 

15  13.3 

. . 

1083 

35 

1  36  32.46 

+ 

9 

30  26.5 

A.G.  Leipzig  II          033 

6 

3 

~^> 

36.50 

+  15 

13  11.9 

..         . . 

1064 

36 

1  34  21.89 

+ 

9 

30  16.2 

617 

7 

3 

52 

13 

15 

B.D.  4  14°628. 

9M.5 

37 

1  26     1 

+ 

9 

ISO 

•ma  r\  mag.  lm  M4s  f.and  5'.2  a.  ..1 
J-U  A.G. Leipzig  II  548 

8 

3 

48 

2.02 

1  1 

55  20.6 

A.G.  Leipzig 

1129 

38 

1   23  48 

+ 

9 

12.1 

;:  1 , 1  maa  39a  p  and  o'7s- of 
1(J  A.G.  Leipzig  II  548 

9 

3 

43 

51.46 

1141  52.7 

.. 

11  OS 

39 

1   21   45.11 

+ 

9 

3  45.8 

A.G.  Leipzig  II          520 

10 

3 

38 

15 

+  14 

35.8 

B.D.+14°603. 

9+5 

40 

1  18  57.44 

+ 

8 

53  55.0 

502 

11 

3 

37 

6.57 

+  14 

30     2.7 

Aii    Leipzig 

1071 

11 

1  12     0 

+ 

8 

33.6 

#n  7  _[   lm  24b  p.  and  O'.la  >>t 
J-'   JZ  B.D.  +sp'.'04.  9.6 mag 

12 

3 

28 

31.21 

14 

22    10  2 

1042 

42 

1  10  10 

+ 

s 

3S.3 

£1  r\    lm   <j>  i    >  ii. i  -'i  ii.  of 
L{J,  ah.  Leipzig  II  481 

13 

3 

24 

2.58 

1  1 

:;    5.:; 

. . 

1018 

43 

1     8  59  59 

+ 

s 

29  51.8 

A.G.  Leipzig  II          431 

14 

3 

15 

51 

-13 

52.6 

aq  -    i   28s  f  i'.7  n.  of  Leipzig  992, 
■■' '  X  3.7  mag. 

44 

1     7  30.22 

+ 

8 

28  20.3 

125 

15 

3 

7 

13.33 

+  13  41   40  4 

A.G.  Leipzig  I 

000 

45 

1     3  41 

+ 

8 

22.4 

*lni     '"'  list  and  O'.ss. of  A.G. 
1"2j  Leipzig  II  401 

16 

3 

3 

50 

-  13 

18.5 

B.D.   fl3°511. 

9M.5 

in 

1     2     0.23 

+ 

8 

23     9.6 

A.G.  Leipzig  II          401 

17 

3 

4 

10.05 

+  13 

25   16.5 

A.G.  Leipzig  I 

045 

47 

0  59  26 

+ 

8 

13.5 

B.D. +7°  15s     0+5 

Is 

2 

58 

30 

13 

0.7 

H.I).     12°  -131. 

0+5 

18 

2:;  53     7.11 

+ 

7 

54  41.1 

A.G.  Leipzig  II      11830 

10 

2 

31 

39.36 

+  12 

3  14.3 

A.G.  Leipzig  I 

750 

10 

23  51     1.53 

+ 

7 

43  21.1 

"       11818 

20 

2 

26 

34.14 

+  11 

40  40  4 

. . 

732 

50 

11    11    5s 

— 

5 

15 

S.D.-5°3255.     9+3 

21 

2 

23 

26 

-11 

41.8 

*q  -    j_  36s  p.  and  6'  i 
■'■*-'   It  J28, 9  1  ma  : 

.  ot  Leipzig 

51 

11  14  58 

— 

5 

50 

S.I).  -5°  3256    9+8 

22 

2 

19 

6  85 

+  11 

20  57.0 

A.<  \\  Leipzig  1 

693 

52 

11  17     6 

— 

6 

18 

*in    mag  sis  f.and  B'.l  n.  of 
1 ' '    Sirassburs  A.G.  42s2 

23 

2 

16 

25.10 

+  11 

18  51.9 

ki 

682 

53 

11  18     1 

— 

6 

10.0 

S.D.  -5°  3264.    10M. 

24 

2 

12 

48 

-11 

13.1 

B.D. +10°  309. 

0+5 

54 

11   is     9 

— 

6 

25 

S.D.  -6°  3367.     9M.3 

25 

2 

9 

19 

11 

1  5 

B.D.   +10°  300. 

0  +  5 

X, 

11  18  53 

— 

6 

15.8 

S.I).  -5° 3268.     9+s 

26 

2 

5 

36 

-10 

57.6 

%1f\  mag.  lm  l^s  p.  4'  i 
LVJ  +10"  295.     9.6  mag, 

of  B  D. 

56 

11  19  17.44 

— 

6 

39  11.6 

A.G.  Wien  — 
Ottakrm 

27 

1 

59 

43 

+  10 

4  4.0 

B.D.  +10°  282. 

0+3 

57 

11  20  15 

— 

6 

20.4 

S.D.-6°3372.     9+7 

28 

1 

5  s 

9.34 

+  10 

35     6.2 

A.G.  Leipzig  I 

610 

58 

11  20  42 

— 

6 

41.3 

S.D.    -6°  3373.     9+1 

29 

1 

56 

22.27 

+  10 

24   16.8 

.. 

601 

59 

11   22  21 

— 

6 

46.6 

S.D.  -6°  3381.     9+5 

30 

1 

53 

11.30 

1(1 

21    19.2 

.. 

5S0 

60 

11  25     9 

- 

7 

20.6 

*1(ii  m:l-  ~m  Ms  f. and2'.8s.of 

1  "j    s.D.  — r>°33S0 
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No  attempt  has  been  made  to  obtain  accurate  places 

for  the  stars  not  in  the  usual  catalogs  in  the  certainty  that 
especial  investigations  of  the  star  places  will  be  made  for 
mportant  a  comet  as  this  one. 

The  notes  regarding  the  physical  appearance  of  the 
comet  are  move  extended  than  usual.  These  notes  to- 
gether with  those  compiled  from  photographs  will  be 
published  in  the  special  volume  of  "Resultados"  to  be 
devoted  to  Halley's  Comet. 

The  following  observations  were  made  by  the  method 


of  transits:  1909.  November  30.  December  2,5,6,  11,  13, 
14,  15,  20;  second  observation,  28,  1910.  January  7.  firsl 
and  third  observations,  April  18,  19.  All  the  rest  were 
direct  measures. 

In  addition  to-  the  above  series  of  micrometer  observa- 
tions, photographs  for  position  were  secured  on  71  nights 
with  the  Astrographic  telescope.  The  work  of  measure- 
ment and  reduction  of  this  series  is  under  way. 

( tli.ii  i  mi,, /-in   Vacional    irgeiitino,  Cordoba,  Marc)  8,  1911. 


OCCTJLTATIONS   OF   STARS  BY   THE   MOON    1910    NOV.    16, 

OBSERVED    AT    THE    LADD    OBSERVATORY,    PROVIDENCE,    R.I.,    DURING    THE    TOTAL    LUNAR    ECLIPSE, 

By  WINSLOW  UPTON. 


Star 

Mag. 

Observed  Greenwich  M.T. 

Obs'd  -  Calc 

Star's  Apparent  Place 

Immersion            Emersion 

Imm. 

Em. 

R.  A.                Decl. 

A.C.Berlin  A  935 

940 

a 

It 

955 

c 
960 

8.3 
S.l 

9.5 
9.5 
9  1 
9.5 

7.7 

h        m       s 

tl           111          S 

11  57  31,3 

12  18     8.9 

8 

15.2 

-20.3 
-  12.0 

-  8.7 

-  8.3 

s 

^7 
-  18.5 

-15.8 

-14.1 

— 12.2 

h       id       s                o       *         a 

3  25  50.0      18  29  57 
3  26  38.8      18  29  56 
3  27     7          18  41    90 

11   23   iss 
11   46  32  2 

12     3    16.9 

13     2  4(1.6 
13   17  53.7 

3  28  19 
3  29  29.0 
3  29  38.  1 
3  30   12.4 

18  38  22 

is  34  42 
IN  4(1   22 
In   36  33 

12  36  48.7 
12  58     0.5 

13  28  31.4 

The  observations  were  made  with  the  12-inch  equa- 
torial, power  140.  The  record  was  by  chronograph. 
The  observed  times  have  been  corrected  for  the  clock- 
error,  determined  by  transit-observations.  The  sky  was 
cloudless  and  stars  steady.  The  total  phase  of  the  eclipse 
was  from  11:55  to  12:47  so  that  six  of  the  observations 
were  made  during  partial  phase.  Star  935  could  not  be 
seen  at  its  immersion  fourteen  minutes  before  '.>40  was 
occulted. 

Stars  935,  940,  955  and  960  are  in  the  A.G.  Catalogue 
and  their  apparent  places  have  been  calculated  from  the 
positions  there  given.  Stars  a  and  b  are  Nos.  44  and  54 
respectively,  in  a  list  supplied  by  the  Pulkowa  Observatory 


and  communicated  by  Professor  Todd,  of  Amherst . 
Mass.  Star  c  was  not  on  the  observing  list.  Its  position 
was  determined  with  the  square-bar  micrometer  relative 
to  Stars  955  and  960. 

The  calculated  times  for  immersion  and  emersion  were 
obtained  by  the  formula'  of  Chauvenet,  using  the  data 
for  the  Moon's  position,  diameter,  and  parallax,  given 
in  the  American  Ephemeris  and  the  star-positions  given 
above.  The  difference  between  the  observed  and  cal- 
culated times  of  immersion  and  emersion,  as  shown  in 
the  table,  ranges  from  8  to  20  seconds  in  time,  the  ob- 
served times  in  every  case  being  earlier  than  the  calcu- 
lated times. 


Planet  10 10  J  J  (Leonora). 
By  permission  of   the  discoverer.  Mr.  Joel  Metcalf,  Mr.   Arthur  Snow  has  selected  the  name,  Leonora  for 
planet    1910  JJ.     This  should  have  appeared  with  Mr.  Snow's  elements  and  ephemeris  of  that   planet  in  A.J.  624, 
p.  202.  Ed. 

CONTENTS. 
Definitive  Orbit  of  Comet   1902  III,  by  Henry  A.  Peck  axd  Louis  Lindsey. 
Observations  of  Winnecke's  Periodic  Comet,  bi  C.  D.  Perrine. 

Ax    lXTEGRABLE   CASE   IXt  THE   RESTRICTED    PROBLEM    OF    III  .  BY    \Y.   1*.  MaCMiLLAN. 

A  Variable  Star  in  Scorpio,  by  Paul  S.  Yi  ndell. 
Observations  of  Halley's  Comet,  by  ( '.  I ».  Prrrj 

:  itions  of  Stars  by  the  Moon  1910,  Nov,  16,  i<\   Wixslow  Upton. 

Editor,  Lewis  Boss,  Albany,  N.Y.;    Associate  Editors:   Seth  C.  Chandler  and  George  W.  Hill,  Diuectoks  of  the  Gould  Fcni>  of 
the  National  Academy  of  Sciences.    Published  hi   the  Dudley  Observatory,  Albany,  N.Y.,  U.S.A.,  to  which  all  Communications 

SHOULD    BE   ADDRESSED.      PRICE,  $i.00  THE   VOLUME        l'KLSS   OF   THOS.    P.    NICHOLS    A    SONS,    l.TNN,    MASS.      Closed,   Moll    9,    1911. 
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OBSERVATIONS   AND  ORBIT-ELEMENTS   OF    OB  EBON  AND    TITANIA, 

SATELLITES  OF    URANUS. 

OBSERVATIONS    MADE    AT    THE    OPPOSITIONS    OF    1908,   1909,   1910,  WITH    THE    26-INCH    EQUATORIAL    OF   THE    NAVAL    OBSERVATORY. 

By  ASAPH    HALF.. 
[Communicated  by  Commodore  T.  E.  DeWitt  Veeder,  U.S.Navy,  Superintendent.] 


The  observations  of  Oberon  and  T item  in  made  at  the 
last  three  oppositions  of  Uranus  are  given  herewith.  Must 
of  the  measures  were  taken  with  reference  to  the  planet. 
since  it  was  doubtful  whether  it  would  be  possible  to  carry 
through  the  heavy  computations  which  are  necessary  when 
an  inter-comparison  is  made  of  the  satellites  with  one 
another.  On  account  of  the  great  southern  declination 
of  Uranus  there  was  considerable  poor  seeing.  Many  of 
the  observations  were  therefore  rather  rough,  as  will  be 
noticed  by  inspecting  the  residuals  of  the  observation 
equations.  Usually  the  satellites  could  be  observed  for 
about  an  hour  and  a  quarter  on  each  side  of  the  meridian. 

The  observations  with  reference  to  the  planet  have  been 
compared  with  the  data  of  the  Connaissance  dis  Temp*. 
and  corrections  have  been  found  to  the  assumed  ele- 
ments.      The     computations     were    made     by     .Messrs. 


Frederickson,    Eppes,   and    Burton,  assistants    in    the 
'  >bservatory. 

The  observation-times  as  given  have  been  corrected  for 
aberration-time.  The  differences  dp  and  ds  are  taken 
in  the  sense  computed -observed.  The  residuals  are 
those  found  by  substituting  in  the  weighted  observation- 
equations.  For  the  form  of  these  equations  see  the 
Monthly  Notices  of  the  Royal  Astronomical  Society, 
Vol.  LXV,  p.  570.  The  logarithm  of  the  mean  distance 
of  Uranus  from  the  Sun  is  taken  as  1.28310,  and  the  semi- 
axes  major  of  Titania  and  Oberon  at  mean  distance  are 
supposed  to  be  31". 46  and  42".  15  respectively.  The 
logarithm  of  the  distance  of  the  planet  from  the  Earth  is 
taken  from  the  Connaissance  'Irs  Temps.  The  value  of 
one  revolution  of  the  micrometer  screw  is  that  given  by 
Professor  See.  R  =  9".9328-0".000055  (T-28°F). 


Observations  of  Oberon  and  Titania. 


Date 

Paris  M.T. 

Obs.  p 

dp 

s  sin  dp 

Wt. 

V 

Obs.  s 

ds 

Wt. 

V 

Obero 

i. 

1909 

h         m        s 

O               * 

O           ' 

n 

II 

It 

II 

ir 

Apr.  26 

18  10     4 

203  34. S 

-1  31.6 

-1.095 

0.5 

-0.113 

42.23 

-1.19 

0.5 

-0.883 

May  12 

17  43  28 

272  52.3 

-0  38.6 

-0.389 

1 

+0.506 

35.11 

-0.48 

1 

-0.009 

16 

17  43  47 

16  19.0 

+  1     3.9 

1-0.783 

0.5 

t  0.217 

24 

16  19     1 

229  12.5 

-2  42.0 

- 1 .834 

0.5 

-0.52S 

29 

17  21  47 

6  13.6 

+0  44.9 

+0.561 

1 

+0.095 

43.87 

-0.93 

1 

-0.620 

June  20 

16  40     5 

231     8.6 

-1  45.0 

-1.202 

1 

-0.0S6 

38.44 

+0.90 

1 

+0.918 

21 

16  40  43 

259  50.2 

-1   10.7 

-0.748 

1 

+  0.297 

36.52 

-0.14 

1 

+0.185 

22 

17  21  25 

291  59.8 

-0  20.3 

-0.214 

1 

+0.433 

36.68 

-0.44 

1 

+0.221 

25 

14  45  45 

5  47.6 

+0  46.6 

+0.589 

0.5 

+0.088 

July    6 

15  36  21 

304  26.9 

+  1  31.4 

+0.998 

0.5 

+0.992 

38.69 

-1.19 

0.5 

-0.329 

7 

14     6  45 

332  12.8 

-0  16.9 

-0.200 

1 

-0.267 

42.06 

-1.47 

1 

-0.803 

8 

15  38  28 

357  47.6 

-0  33.1 

-0.416 

1 

-0.817 

44.14 

-0.92 

1 

-0.487 

9 

14     6  52 

17  55.9 

+0  15.8 

+  0.198 

0.5 

-0.200 

10 

14  29  39 

41  42.1 

+  0  44.1 

+0.521 

1 

+0.170 

40.95 

-0.31 

1 

-U.o42 

11 

15  28  39 

71     1.3 

+0  27.7 

+0.301 

1 

+0.270 

37.34 

+0.01 

1 

-0.161 

15 

13  52  58 

182  49.0 

-1     6.2 

-0.836 

0.5 

+0.026 

41.61 

+  1.82 

0.5 

+  1.325 

16 

15  36  35 

207  44.0 

-1  47.9 

-1.337 

1 

-0.313 

42.24 

+0.35 

1 

+0.314 

(17) 
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I 

Date 

Paris  M.T. 

Obs.  p 

ilp 

s  sin  ilp 

Wt. 

Obs.  s 

ds 

Wt. 

V 

Oberon 

1909 

h          in       s 

O             ' 

0              / 

i 

ff 

ff 

• 

V 

Julv  17 

13  49     9 

230  45.0 

-1  52.3 

-1.303 

1 

-0.179 

39.5s 

+0.32 

1 

+0.350 

mo     20 

12  56  56 

319     9.4 

-0  53.1 

-0.601 

0.5 

-0.297 

40.22 

-1.19 

1 

-0.467 

Julv     9 

15  53  38 

54  59.S 

-0  40.1 

-0.434 

0.8 

-0.571 

36.65 

+0.57 

0.8 

+0.398 

10 

15  11  31 

86  16.8 

-1  26.9 

-0.870 

0.8 

-0.645 

34.22 

+0.21 

0.8 

+0.045 

10 

16  39  IS 

87     2.3 

-0     9.6 

-0.096 

0.8 

0.067 

33.75 

+0.61 

0.8 

+0.405 

14 

15  do  44 

192  56.3 

-0  29.0 

-0.364 

0.8 

+  0.450 

43.27 

-0.16 

0.8 

-0.183 

31 

14  10  56 

290     3.1 

+  0  25.6 

-0.261 

0.8 

+0.817 

35.70 

-0.66 

0.8 

-0.003 

Aug.     9 

13  20  18 

171   46.6 

-1   11.9 

-0.888 

0.8 

-0.129 

42.13 

-0.32 

0.8 

+0.377 

1U0S 

Titanic 

June    4 

16  51   54 

205     3.2 

-0  24.6 

-0.229 

1 

+  0.931 

31.02 

+0.94 

1 

+1.008 

7 

17  38  17 

337  29.5 

-1     3.8 

-0.571 

0.5 

-0.057 

32.12 

-1.29 

1 

- 1 .022 

8 

16  13  30 

9  56.4 

+  1     9.1 

+  0.651 

1 

+0.850 

33.49 

-1.10 

1 

-0.S78 

22 

14  57  29 

221  53.8 

-2  21.3 

+  1.272 

0.5 

-1.670 

31.65 

-0.73 

0.5 

-0.470 

26 

15     4  38 

31  11.3 

-0  10.6 

-0.098 

1 

-0.012 

32.17 

-0.25 

1 

-0.144 

July     1 

14  50  28 

238  48.1 

-2  34.0 

-1.351 

0.5 

-0.223 

5 

14  40  30 

42  23.5 

-0  35.7 

-0.325 

1 

-0.026 

31.18 

+0.09 

1 

-0.204 

8 

14  20  39 

172  50.3 

-1    14  2 

-0.691 

1 

+0.520 

31.15 

-0.89 

1 

-0.879 

10 

14  27  57 

249     7.1 

-0  41.5 

-0.355 

1 

+0.62S 

29.36 

-0.06 

1 

+0.141 

28 

12  51  3S 

274     9.3 

-1  33.2 

-0.774 

1 

+0.096 

28.95 

-0.41 

1 

-0.27s 

Aug.    1 

12  33  31 

75  27.8 

+0  21.1 

+0.179 

0.5 

+0.278 

27.38 

+  1.67 

0.5 

+0.999 

1909     oq 
April  ~'J 

18     6     5 

239  44  S 

-1   21.7 

-0.645 

0.5 

^0.210 

27.09 

-0.01 

0.5 

-0.016 

May  17 

17  51  40 

162  14.3 

-1  31.0 

-0.806 

1 

+0.333 

29.70 

+0.76 

1 

+0.726 

23 

17  15  43 

37  51.2 

-0     9.7 

-0.084 

0.8 

-0.025 

30.60 

-0.75 

0.8 

-0.658 

June  18 

16  20     7 

33    8.5 

-0  51.0 

-0.460 

0.8 

-0.347 

31.83 

-0.83 

0.8 

-0.680 

19 

15  43  59 

75  23.2 

-1  56.1 

-0.925 

1 

-0.710 

27.01 

+0.37 

1 

+0.077 

21 

15  36     2 

167  4'.i.3 

-3  57.6 

-2.162 

1 

-0.9S9 

31.16 

+0.14 

1 

+0.116 

22 

16  23  49 

202  42.8 

-2  55.3 

-1.632 

1 

-0.488 

31.40 

+0.61 

1 

+0.652 

July     6 

14  25  14 

54  47.9 

-1   56.8 

-0.995 

0.5 

-0.649 

30.01 

-0.79 

0.5 

-0.644 

7 

15  17  27 

103  58.6 

-2   117 

-  1 .059 

1 

-0.516 

26.89 

+0.14 

1 

-0.23s 

8 

14  22  44 

148  18.6 

-2  17.1 

-1.186 

1 

-0.11S 

29.49 

+0.24 

1 

t0.0S5 

10 

15  51     0 

223  16.1 

-2  14.0 

-1.187 

1 

-0.123 

30.64 

-0.18 

1 

-0.162 

11 

14  15  32 

265     1.8 

-2  4s  9 

-1.343 

1 

-0.433 

27.68 

-0.35 

1 

-0.293 

16 

14     9     2 

116     3.6 

-2  11.1 

-1.046 

1 

-0.345 

27.22 

+0.23 

1 

-0.124 

17 

15  14  23 

162  31.7 

-3  28.8 

-1.880 

1 

-0.723 

30.24 

-0.74 

1 

-0.679 

i9io   J-  y 

13  48  26 

232     5.0 

-2  25  1 

-1.254 

1 

-0.224 

29.90 

-0.19 

1 

-0171 

Julv     5 

14  53  52 

353  27.0 

- 1     5.0 

-0.604 

o.s 

-0.207 

32.12 

-0.16 

0.8 

1-0.105 

9 

14  36  50 

161  23.0 

-1  35.6 

-0.S57 

0.8 

-0.260 

30.65 

-0.19 

0.8 

+0.149 

10 

14  42     5 

194  52.1 

-1  2(14 

-0.807 

O.S 

+0.285 

31.89 

+0.22 

O.S 

+0.219 

14 

14  59  39 

2     7.5 

+0   10.9 

+  0.103 

0.8 

-0.336 

32.S2 

-0.46 

O.S 

-O.lsr, 

31 

13  11  39 

345  38.9 

+0  29.0 

+0.265 

0.8 

+0.622 

31.73 

-0.30 

0.8 

-0.01S 

Aug.    5 

0 

12  41   16 

189  29.0 

-2   15.2 

- 1 .268 

O.S 

-0.101 

32.82 

-0.57 

0.8 

-0.471 

12  27  22 

356  55  6 

-1   42.5 

-0.953 

0.8 

-0.547 

32.12 

-0.15 

0.8 

+0.107 

Observations  of  Titania  —  Obt  nut. 


Paris  M.T. 


1909 

June 


July 


b        m       s 

7  16  56     2 

8  17   14  27 
26  15  58     8 

15  26  22 
15  31  48 


2S 
5 


Paris  M.T. 


I  Comp. 


See. 


Paris  M.T. 


P 


Paris  M.T. 


8  15  24  16 
10  15  22  17 
17   13  34  24 


1S6.664     16  55  52    67.30 


215.459 
312.052 
5.3SS 
229.020 
335.057 
33.1S9 
267.721 


17 
16 
15 

15 
1.". 
15 
13 


15 
3 

32 
25 

25 
54 


44 

69.14 

s  .  s 

40 

25  35    s  .  s 

1 

44.45    9  ,  8 

16 

71.s<»     s.s 

47 

68.00 

s  .  9 

0 

63.32 

8,9 

14 

28.29 

4  .3 

2-3 
2-3 


Julv  28  14     4  24 
29  12  56  46 


Aug.    2 

1910         r 
July        O 

9  15 


12  27     5 
15  39  37 
21    18 
10   15  42      1 
Aug.    5  13  39  26 


118.008 

151.095 

279.127 

262.634 

22.250 

52.703 

32  803 


14  2 

12  55 

12  47 

15  40 
15  23 
15  43 

13  58 


3s    64.83 


40 

27 
11 
23 
1 
45 


69.46 
62.77 

21.99 
55.10 
54.14 
64.60 


Cornp. 


2 

.  4 

.  1 
.  4 
.3 


See. 


3 

3-4 
3-4 
2-3 

2 

3 

3 
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sin  du 
sin  dN 

sin  dl 
2.  sin  Q 
2t  cos  Q 

da 


Normal  Equations. 

Oberon . 

sin  du 

sin  dN 

sin  >/  /              .'.  sin  Q 

2e  a  is  Q 

da 
a 

>i 

3456.34 

-1360.30 

s45.65      -   591.92 

-    44Mss 

-     91.93 

-106.115 

+  1183.22 

+302  83       -  206.43 

-      4D.42 

f   913.48 

-   61.074 

589.62      f      12.1-1 

-    181.82 

-    179.44 

-     2.722 

-  2576.07 

+     30.90 

-    174.03 

-123.058 

+  1661.34 

-    193  79 
+3124  02 

+  69.261 
-   51.125 

Dm]  =   ^22.905 


Titan 

sin  du 

sin  d  X 

sin  •// 

J.  sin  Q 

_\  ci  is  Q 

da 

a 

)( 

sin  du 

+2668.62 

+  1024.19 

827.89 

3.14 

—   355.65 

34.15 

-200.321 

sin  dN 

h  ::;s  i.-, 

f-  300.62 

63.55 

73.40 

+  549.51 

-   71.539 

sin  dl 

563  82 

—     21.22 

158.37 

-    130.31 

-   75.764 

2<  sin  Q 

+  1798.56 

+     51.51) 

-   2l)4.2s 

-  57.987 

2e  cos  Q 

1525  05 

42.30 

+  99.601 

H  2906.65 

-     S.074 

[nn]  =   +39.1M1 


Results. 

Oberon. 


sin  tlu    = 
sin  dN    = 
sin  dl    = 

-  0.01339  - :itil 

-0.00135  ±0.00629 
-0.01067  ±0.00605 

•J,  -in  Q    = 
2<  cos  Q   = 

-  0.01245  ±0.00236 
-0.01570  ±0.00298 

da 
a 

-0.00396  ±0.00283 

Sum  of  squares 
of  Residuals 

sdp 
ds 

4.609 
5.917 

du     = 

dX   = 
dl    = 

-      0.767  ±0.207 
0.077  ±0.360 
0.611  ±0347 

Q  = 
e   = 

21S.41 
0.0100 

rf«    = 

-     0.167  ±0.119 

Sum  of 
Weislits 

p.e.  one  obs. 

\Yt.  Unity 

19.8 
18.3 

±0.332 
±0.424 

[w] 


10.526 


Titania. 


sin  du 

sin  dN 

sin  dl 

=  +0.02339  ±0.00458 
=  -0.01107  ±0.00827 
=   +0.01274  ±0.01171!' 

2e  sin  Q 
2c  cos  Q 

=  -0.01110  ±0.00299 
=  -0.01503  ±0.00328 

da 

=  +0.00443  ±0.00286 

Sum  of  squares 
of  Residuals 

sdp 
ds 

9.781 
8.294 

38.1  ±0.346 

-   .  1.340  ±0°262 

0.634  ±0.474 

+     0.730  ±0.412 

216°45 
0.0934 

+     0.139  ±0.090 

Sum  of  p.e.  one  obs. 

Weights  Wt.  Unity 

28.2  ±0.406 
28.2  ±0.381 


du 
dN 

dl 

Q 

e 

da 


[n-]  18.075 

Therefore,  the  corrected  elements  are  as  follows,  for  Par 
Oberon,  1909,  October  2.0. 


V 

= 

166.111 

/ 

= 

74.651 

II 

= 

219.630 

a 

= 

42.32 

Q 

= 

218.41 

e 

= 

0.0100 

50.4  ±0.373 

s  Mean  Time  dates  corrected  for  aberration-time: 
Titania,  1909.  May  19.5. 

.V  =  165.54s 
/  =  75.993 
u  =  331.867 


a 


31.60 


Q  =  216.45 
e  =      0.0934 
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THE   BRIGHTNESS   OF   THE   SKY   AT   NIGHT   AS   OBSEEVED   ON 

MOUNT   WHITNEY, 

\'.\    ('  G.  ABBOT.* 


In  August,  1900.  and  again  in  August,  1010.  the  writer 
ascended  Mount  Whitney  (4420  meters  elevation!  pri- 
marily for  the  purpose  of  making  determinations  of  the 
solar  constant  of  radiation.  These  determinations  were 
highly  satisfactory. t  At  the  request  of  Professor  Kap- 
teyn,  a  photometer  of  the  kind  described  by  Yntema} 
was  carried  to  Mount  Whitney,  and  used  there  to  measure 
the  brightness  of  the  sky  at  night.  The  photometric 
experiments  made  in  1900  were  few,  and  the  weather  at 
the  time  was  abnormal.  The  results  are  given  on  page  40 
of  Yntema's  paper,  but  for  completeness  will  be  repeated 
here.  The  experiments  of  1010  were  more  numerous, 
and  fairly  satisfactory  so  tar  as  relative  measurements 
are  concerned,  but  only  partially  successful  as  regards 
measuring  the  absolute  brightness  at  the  north  polar 
region. 

Referring  to  Yntema's  illustrations,  the  sky-photometer 
consists  essentially  of  a  plaster  of  Paris  screen  hooded  from 
«tray  light;  an  electric  lamp  giving  light  of  adjustable 
color  and  brightness,  capable  of  illuminating  the  screen 
at  variable  measured  distances;  and  an  alt-azimuth 
mounting,  suitable  to  permit  the  observer  to  point  the 
instrument  towards  any  part  of  the  sky.  The  observa- 
tions of  the  first  kind  consist  in  varying  the  distance  of 
the  lamp  from  the  screen  until  the  screen  disappears  from 
view,  because  of  the  approximate  equality  of  its  bright- 
ness and  color  with  that  of  the  sky  against  which  it  is 
observed.  In  these  observations  the  illumination  by  the 
lamp  was  first  brought  up  to  equality  with  the  brightness 
of  the  sky,  and  then  in  a  second  setting  brought  down  to 
equality.     The  mean  of  the  two  settings  was  used  as  the 

*  Published  by  permission  of  the  Secretary  oi  tht  Smithsonian 
Institution. 

t  See  C.  G.  Abbot  and  F.  E.  Fowls,  Jr.,  Ap.  J.,  April.  1911. 

J  See  Plates  I,  II,  III  of  Yntem\'s  •  (hi  the  Brightness  of  the 
Sky  and  the  Jot.il  Amount  of  Starlight,'"  Groningen,  1909. 


distance  of  the  lamp  from  the  screen,  corresponding  to 
equality  of  illumination  of  the  screen  and  the  sky.  In 
five  settings  on  the  polar  sky,  made  on  August  6.  1910. 
the  average  difference  in  intensity  of  illumination  of  the 
screen  under  the  two  kinds  of  settings  was  20  per  cent. 
Probably,  with  more  practice  and  more  comfortable  con- 
ditions of  observing,  the  agreement  of  the  two  kinds  of 
settings  would  have  been  much  better. 

No  electric  storage  batteries  were  available  on  Mount 
Whitney.  Dry  cells  were  used  instead.  Although  many 
cells  were  used  in  parallel,  the  brightness  of  the  lamp 
decreased  gradually  during  the  observations  of  1910.  A 
correction  was  made  for  this  change  by  comparing  the 
successive  readings  on  the  pole,  and  on  other  regions  of 
the  sky  which  were  observed  more  than  once.  Thus  a 
correcting  factor  as  a  function  of  the  time  was  found  and 
applied. 

To  give  an  idea  of  the  probable  error  of  the  observations. 
I  give  the  following  numbers,  proportional  to  the  inverse 
squares  of  the  distances  from  the  lamp  to  the  screen,  for 
five  readings  on  the  polar  sky  made  on  August  G,  1910, 
as  corrected  for  change  of  the  brightness  of  the  lamp: 


( (bservation 

1 

2 

3 

4 

.") 

Mean 

Inverse  square 

474 

510 

492 

558 

460 

499 

Deviations 

-  25 

+  11 

—  7 

-59 

-39 

28 

The  average  deviation  is  about  6  per  cent. 

In  the  following  table  all  the  observations  are  given  in 
reduced  form.  The  data,  in  order  from  left  to  right, 
include  the  number  of  the  observation:  the  Pacific 
Standard  time;  sidereal  time;  right  ascension,  declination, 
and  galactic  latitude  of  the  region  of  sky  observed;  its 
azimuth  and  zenith  distance:  its  brightness  referred  to 
the  brightness  near  Polaris;  the  transmission  of  the 
direct  star-light  as  computed  from  Mount  Whitney  solar 
observations,  and  notes  on  the  region  observed. 


Relative  Brightness  of  the  Night  Sky  ox  Mount  Whitney. 


1 

2 

3 

4 

"» 

6 

7 

8 

9 

10 

Remarks 

1909 

Sept.  7 

h        id 

h      m 

O 

o             o 

O 

1 

21     9 

18  36 

-10.0 

-    4 

45.4 

58.9 

1.66 

Milky  Way.  Near  (22 

2 

14 

0     0 

-   8.7 

-69 

310.7 

59.7 

1.05 

In  Vitus 

3 

17 

15  40 

+  30.0 

+51 

112.1 

OS.  4 

1.00 

Same  as  (23 1  but  nearer  horizon 

4 

19 

13  40 

+  50.0 

+  64 

217.0 

76.1 

1.21 

Near  q  Ursa  Maioris 

5        

19    18  36 

-10.0 

-   4      47.7 

60.3    1.66               Milky  Way.  Near    22 

N    >■>- 
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1 

2 

3              4 

O 

<' 

7 

8 

9 

10 

Remarks 

1910 

Aug.  6 

h      m 

h      in 

h       m 

o 

c 

o 

O 

6 

21   12 

18  30 

0  30 

-  3 

217 

59 

1.38 

0.838    Milky 

Way. 

In  Cassiopeia's  chair 

7 

16 

34 

+  90 

-27 

180 

53 

0.95 

.859    Pole' 

8 

20 

3S 

IS     0 

-26 

-    4 

9 

63 

3.56 

.817    Milky* 

Way. 

Brightest  in  Sagitta 

9 

24 

42 

13  20 

+  10 

-70 

93 

76 

1.01 

.679 

In  Virgo 

10 

28 

46 

11  28 

+5S 

57 

147 

69 

Lis 

.,77 

In  bowl  of  Great  Dipper 

11 

32 

50 

+  90 

■27 

180 

53 

1.02 

s.V.i 

Pole 

12 

36 

54 

0  30 

+59 

-   3 

218 

56 

1.60 

.853 

Milky 

Way. 

.Same  as  (6) 

13 

40 

:..s 

19  35 

+32 

+  3 

241 

9 

1.75 

.906    Milky 

Way. 

Near  Vega 

14 

43 

19     1 

+  90 

-•: 

180 

53 

0.99 

.859    Pole' 

15 

46 

4 

135 

83 

1.42 

:,i  ii  i 

7°  above  N.W.  horizon 

16 

49 

7 

45 

83 

1.46 

.500 

7°  above  S.W.  horizon 

17 

52 

10 

315 

S3 

1.40 

.500 

7°  above  S.E.  horizon 

18 

54 

12 

225 

83 

1.38 

.500 

7°  above  N.W.  horizon 

19 

57 

15 

_,_,  20 

: 

-45 

2! '4 

52 

1 .36 

.864 

In  Pegasus 

20 

22  00 

18 

18    0 

-26 

-    4 

19 

65 

3.57 

si  )4    Milky 

Way. 

Same  as  (8) 

21 

2 

20 

+  90 

-27 

ISO 

53 

1.12 

.S59    Pole 

21' 

7 

25 

18  30 

-13 

-    5 

17 

51 

1.97 

.866    Milky 

Way. 

South  of  Shield  of  Sabieski 

23 

12 

30 

15  40 

+30 

-51 

100 

48 

0.84 

874 

In  Corona  Borealis 

24 

17 

35 

+  90 

+27 

180 

53 

0.92 

859    Pole 

Aug.  7 

25 

22     3 

19  25 

18     0 

-  26 

-   4 

21 

66 

3.21 

.800    Milky 

Way. 

Same  a?  (8) 

26 

7 

29 

18  30 

-13 

—   5 

18 

51 

2.38 

865    Milky 

Way. 

Same  as  (22) 

27 

11 

33 

19  20 

+  45 

+  15 

15 

9 

1.31 

.906    Milky 

Way. 

West  branch  N.W.  of  Vega 

2S 

16 

38 

+  90 

-27 

ISO 

53 

1.01 

859    Pole 

29 

is 

40 

0  30 

+59 

-    3 

219 

50 

1.58 

.867    Milky 

Way. 

Same  as  (6") 

30 

20 

42 

11  28 

58 

-57 

152 

74 

1.39 

.710 

Same  as  i  in 

31 

23 

45 

15  40 

+30 

-51 

101 

51 

0.97 

867 

Same  as  (23 

32 

25 

47 

13  20 

+  10 

-70 

101 

89 

1.29 

Same  as  (9) 

33 

27 

49 

16     0 

-30 

-  is 

47 

85 

1.45 

■  41?  i 

South  of  Antares 

34 

29 

51 

18     0 

-26 

-    4 

27 

68 

3.28 

7  s.-, 

Milky 

Way. 

Same  as  (8) 

35 

31 

53 

22  20 

+  5 

-45 

304 

46 

1.36 

.S77 

Same  as  (19 

36 

33 

55    23  30 

-20 

-72 

30S 

76 

1.40 

(is7 

In  Aquarius 

37 

36 

5S     

-90 

-27 

180 

53 

0.99 

.859    Pole 

Column  (9)  shows  the  fact,  also  noted  by  Y  .vil.ua.  that 
there  is  a  considerable  increase  of  brightness  of  the  night 
sky  near  the  horizon.  The  same  thing  is  observed  in  the 
daylight  sky,  and  in  that  case  is  caused  by  reflection  of 
sunlight  by  the  relatively  great  number  of  dust  particles 
which  occur  in  a  line  of  sight  passing  near  the  earth's 
surface.  Is  it  possible  that  the  cause  is  similar  for  the 
night  sky?  In  order  to  promote  an  understanding.  I  give 
a  rough  summary  of  the  many  observations  I  made  on 
-Mount  Whitney  with  the  bolometer  to  measure  the 
relative  brightness  of  different  regions  of  the  sky  by  day. 
The  numbers  refer  to  equal  angular  areas  of  sun  and  sky 


and  include  the  total  radiation  at  all  wave-lengths.  The 
values  are  expressed  in  arbitrary  units. 

Brightness  of  the  sun  7.2SO.O0O 

Brightness  of  the  sky  5°  from  sun  35 

Brightness  of  the  sky  5°  from  horizon  11 

Brightness  of  the  sky  distant  from  sun  and  horizon     3 

In  further  elucidation  of  the  matter.  I  call  attention  to 
the  factors  of  transmission  given  in  column  (10)  of  the 
table. 

For  convenience  I  give  here  a   summary  of  them  in 
connection  with  zenith  distances: 


Zenith  distance                    0°          48°.2          60°.0           66°.4           70°.5             73°.4 
Transmission  factor*     .913           .873            .834             7!»7             .761               .728 

75°. 5 
.695 

78°.5 
.635.4 

85°.0 
.4 

We  may  divide  the  sky  into  zones  of  the  following  zenith  distances  and  area*: 

Zenith  distance                 0°-35°                 35°-50°                 50°-60°                60°-70° 
Area  of  zonef                    0.181                   0.176                     0143                     0.158 

70C-S0° 
0.168 

80°-90° 
0.174 

*  At  Mount  WhitDey  for  yellow-green  light. 


t  As  a  fraction  of  a  hemisphere. 
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We  now  propose  to  see  if  it  is  possible  that  the  light 
scattered  by  the  atmosphere  from  all  the  stars  could  be 
concentrated  in  the  zones  near  the  horizon  in  a  manner 
adapted  to  yield  the  observed  arrangement  of  the  bright- 
ness of  the  skv  at  night.  Let  us  assume  that  all  the  light 
not  included  in  the  direct  star-beams  is  found  in  the 
scattered  light.  Let  us  further  assume  that  the  stars  are 
uniformly  scattered  over  the  sky.  Then,  considering  the 
hemisphere  by  zones,  if  we  sum  the  products  formed  by 
multiplying  the  transmission  factors  for  different  zenith 
distances  by  the  areas  of  the  zones  for  corresponding 
zenith  distances,  we  find  that  0.754  of  the  star-light  out- 


observations  it  is  found  to  be  decidedly  above  the  average 
brightness.  .Moreover,  the  assumption  that  all  the  light 
not  transmitted  in  the  direct  star-beam  reaches  the  earth 
by  atmospheric  scattering,  is  clearly  an  over-statement. 
Besides,  it  would  be  impossible  that  each  star  could  send 
its  scattered  light  to  the  zone  S0°  to  90°  in  bright 
almost  four-fold  it  average  for  the  rest  of  the  sky. 
The  brightness  of  its  scattered  light  would  be  at  a  maxi- 
mum near  the  position  of  the  star,  and  would  reach 
gradually  its  secondary  maximum  of  brightness  near  the 
horizon,  not  suddenly  as  supposed,  so  that  a  much  larger 
fraction  of  the  scattered  stellar  light  than  assumed  must 


side  the  atmosphere  would  be  directly  transmitted  to  the     occur  in  the  zone  0°  to  80°. 


observer  on  Mount  Whitney,  leaving  0.264  as  scattered. 

Let  it  be  further  assumed  that  all  of  the  sky.  except  the 
zone  from  80°  to  90°  of  zenith  distance,  is  of  brightness  '■'• 
(in  arbitrary  units'  and  that  the  zone  S0°  to  90°  is  of 
brightness  11.  corresponding  respectively  to  the  results 
obtained  by  day  for  the  faintest  sky  regions,  and  for  the 
sky  near  the  horizon.  Then  of  the  0.264  of  the  star-light 
outside  the  atmosphere,  which  is  assumed  to  be  diffusely 
reflected  to  the  observer  by  the  atmosphere.  0.107  will  lie 
in  the  zone  80°  to  90°.  and  0.149  in  the  rest  of  the  sky. 
The  stars  in  the  zone  80°  to  90°  will  send  0.400  of  their 
light  in  their  direct  beams,  and  as  the  area  of  this  zone  is 
0.174  hemisphere  this  will  be  0.070  of  all  the  star-light 
outside  the  atmosphere.  Adding  together  the  direct  and 
scattered  light.  (0.107  +  0.070  =  I,  0.177  of  all  the  star 
light  will  fall  in  zone  S0°  to  90°.  which  has  0.174  of  all  the 
area  of  the  hemisphere. 

Hence,  on  the  assumptions  made,  this  zone  should  be 
of  almost  exactly  the  average  brightness.     But  by  direct 


^Ye  must  therefore  conclude  that  the  increase  of  bright- 
ness of  the  night-sky  towards  the  horizon  on  Mount 
Whitney  is  due  to  light  from  other  sources  than  the  stars. 
Yntema  reaches  a  similar  conclusion  from  his  observa- 
tions near  sea-level,  and  he  even  concludes  that  the  sky- 
light from  the  other  source  is  from  7  to  15  times  as  con- 
siderable as  that  from  the  stars. 

In  these  circumstances  it  does  not  seem  desirable  to 
reduce  the  observed  brightness  of  different  parts  of  the 
sky  to  their  values  for  zenith  position:  for  it  would  be 
only  the  direct  star-light  for  which  such  a  reduction  would 
be  proper.  In  what  follows  we  shall  confine  comparisons 
to  observations  made  at  zenith  distances  not  exceeding 
70°,  unless  otherwise  stated. 

Grouping  the  observations  with  reference  to  galactic 
latitude,  and  using  mean  values  where  more  than  one 
observation  occurred  at  one  stellar  position,  there  results 
the  following  table: 


Group 

C 

0    to    : 

±  15° 

to  ±30° 

±  4.V 

to  ±  60° 

±60° 

to  ±  7-V 

Gal 

Lat. 

Relative 
brightness 

Gal. 
Lat. 

Relative 
brightness 

<ial. 
Lat. 

Relat  ive 
brightness 

( lal. 
Lat. 

Relative 
bright 

-3° 
+  3 
-4 
4 
—  5 

1.52 
1.75 

1.66 

:;  in 
2.17 

t15c 

+  18 
+27 

1.31 

1.45 
1.00 

-45° 
+51 

-  57 

1.36 
0.94 
1.28 

-  69° 
-64* 
-  70* 
-72* 

1.05 
1.21 
1.01 
1.40 

Meant 

4° 

2.1H 

20 

1.25 

1.19 

69° 

1.17 

Xot withstanding  the  omission  of  values  at  extreme 
zenith  distance-,  it  is  probable  that  the  results  indicate 
relatively  too  high  a  brightness  at  the  higher  galactic 
latitudes,  so  far  as  the  brightness  depends  on  stellar  sources 
alone.  In  other  words,  the  terrestrial  sources  of  sky 
light,  by  increasing  the  brightness  all  over  the  sky.  and 
especially  towards  the  horizon,  tend  to  equalize  the  ob- 
served illumination,  and  to  obscure  the  differences  between 
the  galaxy  and  other  parts  of  the  sky.  which  would  be 
noted  if  the  stars  alone  were  the  sources  of  light. 


\\  ithout  making  any  allowance  for  these  considerations, 

the  average  brightness  observed  in  the  galaxy  conies  out 
about  twice  the  brightness  at  high  galactic  latitudes.    This 
agrees  well  with  the  results  obtained  by  Ykte&ia   i 
sea-level. 

The  mean   relative  brightness  observed  within   10c 
the  horizon  is  1.40.  as  compared  with  that  at  the  pole. 

We  turn  now  to  the  second  part  of  the  investigation, 
namely,  the  determination  of  the  relative  amounts  of 
light  from  a  square  degree  of  sky  at  the  pole,  and  from  a 


*  These  three  observations  were  made  at  7tt°  zenith  distance. 


t  Without  i   2  sign  ol  galactic  latitude. 
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first  magnitude  .star  in  the  zenith.  The  apparatus  for 
this  purpose,  additional  to  the  photometer  already  men- 
tioned, is  shown  in  Plate  III  of  Yntkma's  publication. 
It  comprised  an  electric  light,  B,  of  adjustable  color  and 
brightness,  shining  through  an  opal  class  covered  opening 
in  its  enclosure.  At  an  adjustable  distance,  the  light  fell 
on  an  opal  glass  screen.  A,  of  measured  diameter.  This 
screen,  as  thus  illuminated  from  its  back,  was  observed 
from  in  front,  in  a  darkened  room,  by  means  of  the  photo- 
meter, just  as  if  the  screen  had  been  a  portion  of  the  night 
sky.  The  distance  on  the  photometer  bar  corresponding 
to  the  equal  illumination  of  the  photometer  screen  ami 
the  screen  A  was  noted.  Several  measurements  of  this 
quantity  were  made,  some  working  '//).  others  working 
down  to  the  proper  brightness. 

The  lamp  B  and  screen  .1  were  then  brought  near  to- 
gether and  clamped,  and  were  carried  out  of  doors  upon 
the  roof  of  the  building.  A  position  was  then  taken  by 
the  observer  so  far  away  that  the  screen  .1  appeared  as  a 
star,  and  could  be  matched  with  real  stars  seen  nearly  in 
the  same  direction.  Two  positions, ' ',  and  < '..,,  were  chosen 
and  comparisons  made  with  differenl  stars. 

Before  going  further,  I  regret  to  state  that  though  a 
black  screen,  with  a  small  aperture  just  large  enough  to 
permit  of  observing  the  screen  .1,  was  interposed  in  the 
dark  room  between  the  photometer  and  the  screen  -1.  I 
neglected  to  ascertain  if  it  prevented  any  light  from  the 
photometer  lamp  from  illuminating  the  screen  .1  from  in 
front.  This  possibility  had  been  mentioned  by  Yntema, 
but  I  had  failed  to  note  his  remark.  Dr.  Fath  called  my 
attention  to  the  source  of  error  after  my  return  to  Mount 
Wilson,  but  although  I  set  tip  the  apparatus  there  as 
nearly  as  possible  as  it  was  mi  Mount  Whitney.  I  could 
not  be  positive  whether  or  not  the  photometer  lamp  had 
shone  sometimes  on  a  part  of  the  screen  .1.  The  ten- 
dency of  this  possible  source  of  error  will  be  noted  below 

The  experiments  were  conducted  on  August  7.  1910. 
As  the  mean  of  10  settings,  the  screen  A  was  matched  by 
the  photometer  screen  at  100.1  ±  2.1  scale  divisions  of 
the  photometer  lamp.  On  the  same  night  a  little  later 
the  north  polar  sky  was  matched  at  150  divisions.  The 
photometer  lamp  was  extinguished  between  these  ob- 
servations, so  that  no  correction  for  falling  off  of  its  bright- 
ness is  needed.  The  distance  B-A  in  these  experiments 
was  158  divisions.  The  distance  B-A  in  the  roof  experi- 
ment was  12.7  divisions.  The  diameter  of  the  screen  A 
was  1.85  centimeters.  The  distance  A-C\  was  1892 
centimeters;  A-C\  was  2859  centimeters.  From  my 
notes,  "at  position  C\  the  artificial  star  was  near  the  color 
of  q>  Persei.  perhaps  a  little  redder,  and  about  as  great,  or 
slightly  greater  in  brightness,  v  Persei  is  redder  than 
the  artificial  star,  and  a  little  fainter.  At  position  C3, 
v  Andromeda  is  about  equal  to  the  artificial  star,   Piazzi 


142.  a  little  fainter."  Time:  21"  38™  P.S.T.;  19h  00m 
sidereal.  These  four  stars  are  of  the  following  magnitudes 
and  spectral  classes  by  Harvard  Revised  Photometry. 

Star  qp  Persei  v  Perst  i  v  Androm.  Piazzi  142 
Mag.  4.19  3.77  4.18  5.10 

Class  B  K  G  F 

It  is  obvious  that  I  was  misled  in  estimating  the  rela- 
tive brightness  of  the  first  two  of  these  stars,  and  quite 
possibly  because  the  second  of  them  is  very  red.  I  after- 
wards found  myself  still  inclined  to  think  the  first  brighter 
than  the  second,  when  seeing  them  from  Mount  Wilson. 

Combining  all  the  above  roof  observations,  I  find  that 
the  artificial  star  was  of  3.7  magnitude  at  1.892  centi- 
meters, and  70°  zenith  distance.  The  atmospheric  ex- 
tinction was  0.77.  Hence  15.61  artificial  stars  in  this 
position  would  have  equaled  one  first  magnitude  star  in 
the  zenith. 

We  may  now  form  the  expression  for  the  brightness  of 
a  square  degree  of  polar  sky  in  terms  of  first  magnitude 
stars  in  the  zenith,  as  seen  from  Mount  Whitney.  It  is: 
L892  x  100  X  12.7      V  4 


X 


0.0746 


57.3  X  1.85  X  150  x  158^   '"   15.61  x  3.1416 

The  experiments  indicate  that  one  square  degree  of 
polar  sky  gives  0.0746  as  much  light  as  a  first  magnitude 
zenith  star.  If  the  photometer  lamp  partly  illuminated 
the  screen  .1.  in  the  dark  room  work,  the  final  result  is  too 
small.  If  the  lamp  B  decreased  in  brightness  in  the  brief 
interval  between  the  dark  room  and  subsequent  roof  ex- 
periments the  final  result  is  too  small  on  that  account  also. 
but  this  latter  error,  if  existing,  can  be  only  a  very  fev 
per  rent.  The  other  error  may  possibly  be  large  enough 
to  raise  the  result  to  0.10.  but  I  think  not. 

Yntkma's  values  for  the  absolute  brightness  of  a  square 
degree  of  night  sky  at  the  pole,  in  terms  of  first  magnitude 
stars,  range  from  0.099  to  0.192.  Fabry*  has  recently 
determined  that  in  the  region  of  Urm  Mi  nor  the  photo- 
graphic intensity  of  one  square  degree  =  0.92  stars  of 
fifth  photographic  magnitude,  or  0.0231  stars  of  first  photo- 
graphic magnitude.  ToWNLEYf  finds  for  the  non-galactic 
sky,  also  by  photographic  means,  one  square  degree  = 
one  star  of  4. 5  magnitude,  or  0.0447  stars  of  first  magnitude. 
Burns}  by  visual  methods  obtained  the  brightness  of  a 
square  degree  of  non-galactic  sky  as  equal  to  0.0502  first 
magnitude  stars.  Newcomb§,  also  by  a  visual  method, 
found  a  result  almost  exactly  like  Fabry's. 

In  view  of  the  discordance  of  these  determinations,  and 
of  the  uncertainty  of  my  own  observation,  it  is  yet  pre- 
mature to  conclude  whether  the  night  sky  at.  sea-level  is 
brighter  or  darker  than  at  4420  meters.     Of  course  there 


*  Astrophysical  Journal,  Vol.  XXXI,  p.  398,  1910. 
t  Publications  Astrom.  Soc.  Pacific  15,  13,  1903. 
J  Astro-physical  Journal,  Vol.  XVI,  p.  16S,  1902. 
§  Astrophysical  Journal,  Vol.  XIV,  p.  307,  1901. 
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de  at  high  elevations,  owing  to 
the  clearness  and  low  barometric  pressure  of  the  atmo- 
sphere. For  the  same  reason  a  zenith  star  of  the  first 
magnitude  seen-ojiMount  Whitney  gives  about  '-,  \  asmuch 
light,  visually,  as  if  seen  in  average  weather  conditions  at 
Washington.  Tf  we  apply  this  to  my  result,  the  bright- 
ness of  a  square  degree  of  sky  at  the  pole,  as  seen  on  Mount 
\YhitiHw-"be<-onies  0.093*  the  brightness  of  a  first  magni- 
tude star 'seen  iji  the  zenith  at  Washington. 
•  One  is  inclined  to  think  the  discrepancies  between  the 
results  of  various  observers  above  mentioned  may  be  due 
to  sources  of  error  inherent  in  the  methods  employed. 

For  completeness.  I  give  the  following  meteorological 
data.     Barometer  on  Mount  Whitney  447mm.     Tempera- 
"tures  on  August  7,  1910: 

P.  ST.  Wet  Bulb  Dry  Bulb 

1Sh     3,„  29°.6  Fahr.  37°.8  Fahr. 

22    43  27  .4  35.  4 

*  Or  more  if  an  error  occurred  of  the  nature  above  described. 


On  September  7,1909,  the  sky  was  clear,  but  the  humi- 
dity was  high.  On  both  August  6.  and  August  7.  1910. 
the  sky  was  clear,  the  humidity  low,  and  the  con- 
ditions nearly  normal  for  .Mount  Whitney  clear  summer 
weather. 

Summary.  Visual  photometric  observations  on  the 
brightness  of  the  sky  by  night  were  made  with  the  Kap- 
teyn-Yx  if.ma  apparatus  by  the  writer  on  Mount  Whitney. 
at  4420  meters  elevation,  on  September  7,  1909,  and 
August  6  and  7.  1910.  The  mean  brightness  in  the  galaxy 
was  found  2.1  times  that  of  the  polar'sky.  The  bright- 
ness of  the  sky  within  10°  of  the  horizon  was  found  1.4 
times  that  of  the  polar  sky.  Not  altogether  satisfactory 
observations  indicated  that  a  square  degree  of  polar  sky 
gives  0.074G  as  much  light  a.s  a  first  magnitude  star  in  the 
zenith,  if  both  are  observed  at  Mount  Whitney.  Com- 
pared with  a  first  magnitude  zenith  star  at  Washington, 
a  square  degree  of  polar  sky  seen  from  Mount  Whitney 
would  be  0.093  as  bright. 


OBSERVATIONS  OF   LONG-PERIOD   VARIABLES, 

By   CAROLINE   E.  FURNESS  and   P.R.SUTTON. 


The  predicted  maxima  and  minima  in  this  article  are 
taken  from  Hartwig's  ephemerides  in  the  Vierteljahr- 
schrijt,  unless  otherwise  stated. 

S  Aquilae.  Twenty  observations  extending  from 
July  21.  1909  to  Jan.  17,  1911  indicate  two  well  defined 
minima  on  Sept.  28,  1909  and  Dec.  16.  1910.  about  forty 
days  ahead  of  predicted  dates.  A  well-determined  maxi- 
mum occurred  on  Nov.  19  1909  and  a  second  one  is  in- 
dicated on  Oct.  4.  1910  when  the  magnitude  was  9.0. 

W  Aquilae.  A  series  of  sixteen  observations  covers 
two  branches  of  the  curve,  descending  and  ascending,  but 
do  not  carry  the  star  through  the  minimum.  The  slope  of 
the  curve  indicates  that  a  minimum  occurred  not  far  from 
June  17, 1910.  when  the  magnitude  was  est  imated  to  be  13.4. 

S  Bootis.  Five  observations  from  Aug.  4,  1910  to 
Dec.  3,  1910  show  a  good  downward  curve  through  magni- 
tude 13.4  observed  on  the  last  date.  Probably  the  pre- 
dicted minimum.  Nov.  1.  was  too  early. 

Vassar  Collein  Observatory,  ".ill    April '20. 


RR  Cassiopeiae.  Nine  observations  from  Oct.  5,  1910 
to  Feb.  21,  1911  indicate  a  maximum  of  10*. 7  on  Nov.  13, 

1910  which  is  over  a  month  earlier  than  the  predicted  date 
of  Dec.  23. 

R  Coronae.  Five  observations  from  Oct.  21  to  Dec.  2. 
191(1  give  a  minimum  of  11*  .8,  on  Oct.  30.  1910. 

R  Cygni.     Ten  observations  from  Oct.  3,  1910  to  Jan.  5, 

1911  indicate  a  maximum  of  S\9  about   Nov.    20,  1910. 
twenty-six  days  later  than  the  predicted  date. 

Z  Cygni.  Five  observations  from  Sept.  29  to  Dec.  S. 
1910  give  a  maximum  of  8". 7.  on  Nov.  21.  1910.  Pre- 
dicted date,  Dec.  17. 

TW  Cygni.  Five  observations  from  Nov.  11,  1910  to 
Jan.  28,  1911  indicate  a  maximum  of  9".8  on  Dec.  14.  1910. 
more  than  a  month  earlier  than  the  predicted  date. 

S  Delphini.  Six  observations  from  Oct.  4.  1910  to 
Jan.  17.  1911  give  a  maximum  about  Dec.  S.  1910  of  9".2 
Predicted  date  Nov.   17. 
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ON    PLANETARY  LIBRATIO 

By  ERNEST   W.  BROWX. 


In  No.  621  of  the  Astronomical  Journal  Mr.  Percival 
Lowell  has  discussed  certain  cases  in  planetary  motion 
in  which  the  ratio  of  the  mean  motions  of  a  disturbing 
and  a  disturbed  planet  are  commensurable.  He  obtains 
the  well-known  equation  for  the  perturbations  of  the 
major  axis: 


da 
'    '     dt  ~ 


where 


na  *—t 
D  =  il 


i}'  i  sin  L)  =  —/  Jc  sin  D 


i'V  +  km  +  k'm'  -2yr'  . 

The  notation  of  Leverrier  for  the  elements  is  adopted. 
In  particular,  when  we  neglect  the  perturbations  of  the 
elements, 

I  =  nt  +  e     ,     I'  =  n't  +  t'  , 
in  which  //.  n'  are  the  mean  motions  of  the  disturbed  and 
the  disturbing  planets. 

On  the  supposition  that  we  may  neglect  power-  of  the 
masses  higher  than  the  first,  equation  (1)  may  be  in- 
tegrated in  a  first  approximation  as  if  the  elements 
present  in  its  right-hand  member  were  constant.  This 
procedure  gi\ « •- 

n a  *—>  in  —  i'n' 


(2) 


Sa  = 


This  method  is  available  for  obtaining  those  perturba- 
tions for  which  i  n  —  i'n'  is  not  zero.  After  discussing 
briefly  the  cases  in  which  i  =  0  ,  i'  =  0  ,  Mr.  Lowell  says: 

"There  is,  however,  one  set  of  circumstances  in  which 
secular  terms  might  arise  in  the  perturbation  of  the  major 
axis  in  the  development  of  the  perturbing  function  to 
the  first  order,  to  wit :    if  i  n  -  i'  n'  =  0  while  i  ^  0  ,  i'  ^  0. 

"  In  such  a  case  D  would  degrade  to 

D  =  ie  -  i'e'  +  km  +  k'm'  —  2yr' 
da 


giving  in 


2  m' 


dt 


naa 

whence  for  this  term: 
2?n' 


the  term 


if  i  sin  (ie  -  i'e'  +  ka  +  k'm'  -  2  yr' 


[(3)]  8a 


naa 


if  1 1  .  sin  (i  t—i'e'  +  km  +  k'm'  —  2yr') 


a  secular  term  increasing  with  the  time. 


"The  condition  i  n  -  i'n'  =  0  with  i  ^  0  ,  V  ^  0  de 
notes  thai  i  times  the  revolution  of  the  one  body  equal-  /' 
times  that  of  the  other,  which  means  that  the  periods  of 
the  two  are  commensurable.  In  this  case  there  is  indef- 
inite increase  in  the  major  axis,  or  in  other  words  one 
planet  will  not  suffer  another  to  travel  in  an  orbit 
period  is  commensurate  wit h  its  own."  .Mr.  Li iwell  then 
deduces  certain  consequences  in  the  development  of  a 
planetary  system. 

The  argument  is  confined  to  perturbations  of  the  firsl 
order.  In  such  cases,  however,  when  questions  of  stability 
are  under  consideration  it  is  necessary  to  proceed  to 
higher  powers  of  the  masses.  Suppose  that  the  approxi- 
mations were  continued.  There  would  then  appear  in 
na  ,  amongst  other  terms,  series  of  the  forms 

(a0+a2f  +alti  +  .  .  .)  cos  D,  (a1t+a3t3+  .  .  .)  sin  D. 
The  question  as  to  whether  there  is  indefinite  increase  of 
the  major  axis  will  partly  depend  on- whether  these  series 
become  infinite  for  infinite  values  of  t  or  not.  They  may, 
for  example,  be  merely  the  expansions  in  powers  of  t  of 
cosines  or  sines  of  angles  depending  on  the  time.  Fortu- 
nately, we  have  no  need  to  involve  ourselves  in  difficulties 
of  this  nature,  since  Laplace,  Newcomb,  and  others  have 
given  methods  which  show  that,  in  general,  such  terms 
do  not  give  rise  to  non-periodic  changes  of  the  elements. 

From  the  formal  point  of  view  there  is  a  difference  be- 
tween ordinary  perturbations  and  those  due  to  conimen- 
surability.  In  the  former  it  is  implicitly  or  explicitly 
assumed  that  we  can  develope  the  functions  we  use  in 
powers  of  the  masses  and  this  assumption  is  usually 
justified  by  the  results  obtained.  In  the  latter  case  it  is 
found  that  the  assumption  cannot  hold,  but  that  develop- 
ment in  powers  of  the  square-roots  of  the  masses  must  be 
used.  The  following  brief  outline  shows  how  the  question 
is  usually  treated.     We  have: 


.d2l 


.,d"V         d2m 

1  df  +kJ? 


+  *&-»r£ 


dt2       "df      "  dt-    '  " "dp   '  '"   dP       "  '  dP 

It  is  shown  that  (taking  a  simplified  case  in  which  the 

disturbed  planet  is  of  infinitesimal  mass)  all  the  derivatives, 

except  the  first,  are  at  least  of  an  order  higher  than  the 

first  power  of  the  masses.     We  then  replace    I  =  n  t  +  « 

(25) 
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by    I 


ndt+*lt   where     -r-y1     may  be  neglected  for 


same   reason;     also    the   equation    /u.  =  a3' 
defines  the  relation  between  a  and  n;    so  that 

3  n 


always 


4 


<PD  _  .  <l_n 
dt"  ~  '  dt 


3  n  .  da 
2  a  '  It 


2  a 


i  k  sin  D 


for  such  a  term.     This  gives  the  first  approximation  to 
the  perturbation. 

The  equation  (4)  is  the  same  as  that  of  the  motion  of  a 
pendulum  which  may  either  oscillate  or  make  complete 
revolutions  about  a  vertical  axis,  and  the  analogy  enables 
us  to  describe  in  simple  terms  the  nature  of  the  perturba- 
tion which  will  result  in  the  motion  of  a  planet  or  satellite. 
Rapid  complete  revolutions  of  the  pendulum  correspond 
ro  the  ordinary  periodic  perturbations  in  which  D  incre: 
nearly  uniformly  with  the  time.  Vibrations  of  the  pen- 
dulum correspond  to  perturbations  in  which  D  oscillates 
between  two  finite  values,  the  mean  value  of  D  being 
zero  or  tt  according  as  i  k  is  negative  or  positive.  Laplace 
gave  the  name  libration  to  such  an  oscillation  when  it 
arose  in  the  motion  of  a  satellite  or  planet. 

It  is  not  necessary  to  give  further  details.  The  question 
is  extensively  treated  by  Tisseeand  in  Vol.  IV  of  his 
Mecaniqut  Ctleste,  chaps.  II,  VII,  XXV.  The  essence  of 
the  matter  consists  in  the  fact  that  as  i  n  —  i'n'  approaches 
zero  for  any  given  pair  of  values  of  i,  i' ,  the  corresponding 
perturbation  does  not  tend  to  become  infinite  but  tends 
towards  a  finite  maximum  value.  If  this  maximum  is 
I  the  ratio  becomes  exact  and  the  perturbation  then 
Haven,  Conn.,  1911,  April  27. 


becomes  an  oscillation  about  this  exact  ratio.  Thus  the 
first  approximation  obtained  by  the  ordinary  method 
and  resulting  in  equation  (3)  is  illusory  and  no  con- 
clusions with  respect  to  secular  changes  of  the  major  axis 
can  be  drawn  from  it. 

Several  actual  examples  of  librations  are  known.  The 
case  of  Titan  and  Hyperion  amongst  the  satellites  of 
Saturn  was  solved  by  Newcomb.  There  is  a  much  older 
example  furnished  by  three  of  the  satellites  of  Jup 
and  discussed  by  Lagrange  and  Laplace.  With 
reference  to  planetary  librations,  Gauss  remarked  that 
the  ratio  of  the  mean  motions  of  Pallas  and  Jupiter 
differed  but  little  from  IS:  7  and  that  the  attraction  of 
Jupiter  must  maintain  this  exactly,  just  as  the  equality 
of  the  periods  of  revolution  and  rotation  of  the  moon  is 
maintained.  But  the  most  striking  set  of  example 
furnished  by  the  Trojan  group  of  four  asteroids  which 
oscillate  about  the  triangular  solutions  of  Laplace.  Their 
mean  motions  are  the  same  as  those  of  Jupiter  but  their 
actual  motions  vary  a  little,  the  variations  being  periodic 
and  expressed  by  an  equation  which  is  of  the  librational 
form  as  might  be  expected.*  The  principal  periods  of 
these  variations  lie  between  140  and  200  years.  The 
equations  which,  furnish  information  concerning  their 
motions  do  not  give  evidence  of  any  tendency  towards 
secular  changes  and  there  is  no  reason  to  suppose  that 
their  motions  are  unstable. 

lee  E.  \\  .  Brown,  On  a  now  family  of  periodic  orbits  in  the 
problem  of  three  bodies.     M.N.R.A.S.,  1911,  March. 


THE   LONG   PEEIOD   TERM   IN   THE   MEAN   LONGITUDE   OF 

WITH   THE   ARGUMENT, 

:;./  -  8M  +  4E. 

By   WIIJ  1AM    T.  CARRIGAN. 


THE   MOON 


In  a  former  paper  printed  in  this  Journal  (A.J.,  No.620) 
the  coefficients  of  the  long  period  terms  having  the  ar- 
gument 3J-8M  +-4Z?  in  the  mean  longitudes  of  Mar.-!  and 
the  Earth  were  computed  for  both  those  planets.  While 
writing  that  paper  it  occurred  to  me  that  an  inequality 
of  the  earth's  mean  longitude  of  such  magnitude  should 
produce  some  effect  on  the  moon's  motion.  The  follow- 
ing investigation  lias  for  its  object  the  determination  of 
this  effect  for  the  indirect  action,  that  is,  the  change  of 
the  moon's  place  produced  by  the  altered  configuration 
of  the  three  bodies,  sun,  earth,  and  moon,  due  to  the  term 
above  referred  to.  Certain  considerations,  which  will 
not  be  gone  into  here,  lead  me  to  believe  that  the  effect 
of  the  direct  action,  or  the  joint  pull  of  the  two  planets 
Mars  and  Jupiter  directly  on  tin1  moon  is  very  small. 

In  this  investigation  the  notation  used  by  Professor 
Newcomb    in    his    writings  on    the    lunar  and  planetary 


theories  will  be  adhered  to.  and  formulae  that  are  so  well 
established  as  to  obviate  the  necessity  of  a  rederivation 
will  be  taken  from  the  works  of  such  well  known  writers 
as  Delaunay,  Newcomb,  and  Brown. 

Since  the  disturbing  function.  R,  for  the  action  of  the 
sun  on  the  moon  is  a  function  of  the  coordinates  of  the 
earth,  when  these  coordinates  sutler  any  variation  the 
corresponding  variation  of  R  will  be: 


8/?  =  ^V 
9v 


,9RDR 


(1) 


For  the  purpose  of  this  investigation  the  first  and  last 
terms  on  the  right  hand  side  of  tins  expression  will  not 
be  needed  so  that  we  may  write,  p'  being  the  log  radius 
vector  of  the  earth. 

8B  =  _V_0/__ .8p' 
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Considering  only  the  non-periodic  part  of  R,  which  is 
all  that  is  essential  to  our  purpose,  the  latter  may  be 
written: 


(2) 


R 


A 


A  being  a  function  of  e,  e',  and  y  (=  sin  \  i)  but  indepen- 
dent of  a  and  a',  the  mean  distances  of  the  moon  and  sun 
respectively.     Then 

(3)  a' '—  =  -3R,  whence  SR  =  -3RSp'. 

The  differential  equation  of  the  moon's  mean  longitude 

is 

ill  ih 

dt  =  n^   ill' 
or.  when  we  consider  only  the  variations, 
d&l      .         dSe 

^i=h"+   ill 

Since  Sn  is  entirely  periodic  and  a  function  of  the  moon's 
mean  longitude,  which  does  not  appear  in  the  argument 
of  the  term  we  are  treating,  we  have  simply: 

flSl   =  dSj 

dt  ~  dt 
< hi   page  64    of   Brown's    "Lunar    Theory"    we    find 


dt  2na  >>R  na  , — 
-  = a  —  +  —  Vl- 
ilt             p.        >>a       fxe 


+ 


mi 


eHl-Vi- 
dR 


r) 


d_R 
de 


H-Vl 


tan  A  l 

p2  '       dl 


Now  y 
.dR 


.        .  9R       ,)R  dy 

sin  i  i,  and    — -  =  -=-  ~  ,  whence 

dl  dy  d% 

dR 


tan  &  i'-^-  =  \  y^-—  »    so  that  we  mav  write  for  the  differ- 
di         -      ay 

ential  equation  for  the  variation  of  e,  neglecting  powers  of 
e  and  y  above  the  first, 

rfSe  2na     9SR      nae  dSR         nay  JSR 

dt  fi         da         2(i      de  2p.     dy 


From  (3)  we  get 


dSR 
de 


also 

whence 


98c  na 

<4>       m  _37 


„dR  dSR  dR      , 

—  o  — -  8p' ,  and   -^—  =   —  o dp', 

ae  dy  ay 


■IR 


£9_R 
2    de 


-2d-y\hp- 


It  remains  now  to  derive  the  value  of  Sp'  corresponding 
to  the  known  term  in  Si'.     Since  the  variation  of  p'  is  a 


function  of  the  variations  of  the  elements  of  the  earth's 
orbit  we  have: 


v  -  U"  *  %*  +  %*  +  %*  +  %» 


The  derivatives  in  the  three  last  terms  of  this  expression 
contain  no  non-periodic  parts,  but  consist  of  series  of 
terms  of  the  form  p  cos  q  (n't  +  e'  -  bj'),  or,  what  is  the 
same  thing,  p  cos  qg',  the  combination  of  which  with  .V 
would  produce  arguments  of  the  form  i></i+ i/j2+ (i±q)g, 
which  we  do  not  want.  Again,  the  non-periodic  part  of 
the  derivative  of  p'  with  respect  to  e'  is  equal  to  \e'  plus 
terms  of  a  higher  order  in  <',  which  being  multiplied  by 
8e',  already  very  small,  renders  the  second  term  negligible. 

Hence  we  mav  take  simply,  since     ~,  =  1  , 

an 

Sp'  =  8»' 


From  the 

relation 

„ri 

i'"  -- 

=  /*' 

,/»' 

leing  a 

constant  we 

derive: 

. 

3a'V2 

da' 
dt 

+ 

2a  "V  — - 
at 

= 

0 

1  da' 

2 

iln 

2 

ifl 

or 

a'  dt 

3^ 

dt  ' 

3n" 

df 

Putting 

as 

before  v 

f    

log 

a', 

whence 

1  da' 
a'  dt 

dv' 

"dt' 

taking  the  variations  and  integrating 
Sv'  = 


2_dW 

3n'  dt 


(5) 


dW 


Let  us   put    Si'  =  H  sin  N;   then     — =  kH  cos  N, 

k  being  put  for    i3?is  +  ioM2  +  i^.      Substituting  in   (5) 
we  get: 

k 


Sp'  =  8w'  = 


-;  //  cos  iV 
3n' 


From  Delaunay's  "  Theorie  du  Mouvement  de  la  Lune," 
Tome  I,  p.  33  we  obtain  to  terms  of  the  second  order  in 
e,  e'  and  y,  which  are  sufficient  for  our  purpose, 


R 


in 
a 


S-2{i-  .2  +  &*  +  yr2\ 


Taking  the  partial  derivatives  of  this  with  respect  to  e 
and  y  and  making  all  the  substitions  in  (4)  we  get 


dSt 
dt 


m'a'n  f 
~a^~\ 


1 


fy2  +  le2  + 


iu'2  > 


or,  for  brevity 


rfSj 
dt 


=  n'V/i  \M\  Sp' 


28 


THE     ASTRONOMICAL     JOURNAL. 


N°-  628 


mting  in  this  last  equation  the  value  of  V  and 
put!  =  p.,  we  obtain: 


dt 


■' 


hll  \M\  cos  A 


[ntegrating, 


S*  = 
II    we   take    \M\  =  1    am 


■j"   II  \M\  sin  N 
ri 


n 


m    we    have  nearly 


8t=  —  A  H  sin  .V.    which  will  give  in  advance  some  idea 
of  the  magnitude  of  the  coefficient. 

In  order  to  compute  the  complete  value  of  \M\  we  take 
from  Delaunay,  Tome  II,  pp.  S01-803 

y  =  0.04489     .     e  =  0.05490     ,     m  =  0.074SU 


and   from    NbwcOmb's  "Tables   of  the  Sun,"    for    1850, 
c'  =  0.01677;     which    values  give    \M\  =  0.99854,  and 

Se  =  -0.1494  H  sin  N.  (6) 

We  have  found,  (A./.  No.  620)  that  H  =  6". 43.  whe 

8£  =  8/  =  -0".96  sin  (3J"-8M+4S+35°.89 

The  long  period  term  1".882  sin  (I3g'  -  lsv/v  -f-223024') 
in  the  mean  longitude  of  the  earth  gives  by  formula 

8/  =  -0".281  sin  (13S  -  8v  +  223°  2 

agreeing  well  with  the  value  — 0".27  found  by  Delaunay 
and  thus  furnishing  a  test  of  the  correctness  of  the  formula. 
Nautical  Almanac  Office,  Washington,  D.C. 


OBSERVATION   OF   LONG-PERIOD   VARIABLES, 

By  CAROLINE    E.  FURNESS  and  F.  R.  SUTTON. 


The  predicted  maxima  and  minima  in  this  article  are 
taken  from  Hartwig's  ephemerides  in  the  Vierteljahr- 
■chrift.  unless  otherwise  stated.  The  observations  are  in 
continuation  of  those  published  in  A.J.  No.  627,  p.  24. 

TW  Cygni.  Five  observations  from  Nov.  11,  1910  to 
Jan.  28,  1911,  indicate  a  maximum  of  9™.8  on  Dec.  14, 
1910,  more  than  a  month  earlier  than  the  predicted 
date. 

T  Delphini.  Five  observations  of  this  starfrom  Oct.  12, 
1909  to  Jan.  8,  1910  show  that  during  this  period  the 
variable  was  invisible  in  the  12-inch  telescope  and  there- 
fore below  14M.0.  Five  observations  from  Nov.  7,  1910 
to  Jan.  17,  1911  show  a  gradual  rise  from  14*'.0  to  11"  2. 
Hence  the  predicted  maximum  of  Dec  IS  was  too  soon. 

R  Equulei.  Three  observations  from  Nov.  30,  1909  to 
Jan.  8,  1910  show  a  rise  in  magnitude  from  13". 4  to  10".  1. 
A  continuation  of  the  resulting  curve  would  indicate  a 
maximum  of  SM.9,  about  Feb.  2,  1910,  agreeing  exactly 
with  the  maximum  predicted  from  Cannon's  elements, 
H.C.O.  Annals,  Vol.  55.  part  II.  Seven  other  observa- 
tions from  Oct.  4,  1910  to  Jan.  17.  1911  show  a  maximum 
9  on  net.  22.  agreeing  also  with  Cannon's  elements. 

SS  Herculis.     Nine   observations   from    May   25,    1909 

»ct.  16.  1909  indicate  a  minimum  about  July  10  and  a 

maximum  of  8".7,  on  Sept.  2.     Both  show  decided 

irdance    with    predicted   dates  of  Hartwic.     Three 

servations,   llM.3  on  Sept.  29,  1910  to    9".8  on 

Oct.  26  also  show  disagreement. 

R  Lacertae.  Seven  observations  from  Nov.  19,  1910  to 
Feb.  21 .  191 1  indicate  a  maximum  of  9M  on  Jan.  2,  1911, 
agreeing  quite  well  with  the  predicted  date. 

II  Pegasi.  Eight  observations  from  Oct.  .",  1910  to 
Feb.  16,  1911  indicate  a  maximum  about.  Oct.  27.  nearly 
a  month  earlier  than  the  predicted  date. 

S  Pegasi.  Seven  observations  from  00.  29,  1910  to 
Feb.  Hi.  1**11  are  all  on  the  upward  branch  ol  the  curve, 


the  last  having  a  magnitude  of  7M.8.     They  indicate  a 
maximum  about  Feb.  7,  over  a  month  late. 

T  Pegasi.  Eight  observations  from  Oct.  5,  1910  to 
Jan.  28,  1911  show  a  continued  increase  in  the  curve  from 
magnitude  14.2  on  Oct.  5  to  magnitude  10.0  on  Jan 
This  curve  does  not  extend  far  enough  to  show  whether 
it  will  agree  with  the  new  elements  of  HAKTWifi  which 
place  the  maximum  on  May  2. 

Y  Pegasi.  Ten  observations  from  Aug.  11,  1909  to 
Jan.  7,  1910  give  a  well-determined  maximum  of  10". S  on 
Nov.  25.  1909.  Fight  observations  from  Oct.  5.  1910 to 
Jan.  28,  1911  indicate  a  maximum  of  10M.2  on  Jan.  Is. 
1911.  The  first  maximum  agrees  fairly  well  with  that 
predicted  from  Cannon's  elements  but  the  second 
not  agree  so  well. 

RW  Pegasi.  Six  observations  from  Nov.  30.  1909  to 
Feb.  10,  1910  indicate  a  minimum  of  less  than  13". 4  about 
Dec.  30,  1909.  Nine  observations  from  Oct.  5.  1910  to 
Feb.  10,  1911  indicate  a  maximum  of  9". 6  on  Nov.  9 
agreeing  closely  with  the  predicted  date  of  Nov.  12. 

R  Trianguli.  Six  observations  from  Nov.  11,  1910  to 
Feb.  21,  1911  give  a  maximum  of  5M.9  on  Jan.  23.  1911. 
Predicted  date.  .March  10. 

RS  Ursa,  Ma  juris.  Fight  observations  from  Sept.  29, 
1910  to  Feb.  21,  1911  indicate  a  minimum  passed  before 
Sept.  29.  on  which  date  the  variable  was  14" .0.  A  well- 
determined  maximum  occurred  on  Dec.  20.  1910  agreeing 
well  with  the  predicted  date  of  Dec.  13. 

R  Vulpecula.e.  Seven  observations  from  Oct.  6,  1909 
to  Dec.  8,  1909  show  a  continued  rise  from  less  than  the 
12M.0  to  7".8.  The  maximum  thus  indicated  is  delayed 
beyond  the  predicted  time.  Seven  observations  from 
o,i  29.  1910  to  Jan.  28,  1911  show  a  probable  minimum 
on  Nov.  12  of  12". 7  ami  a  maximum  on  Jan.  20,  both 
somewhat  later  than  the  predicted  times. 

Vassar  College  Observatory,  mi  1    April  20. 
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A    METHOD   OF   COMPUTING   A   PARABOLIC   ORBIT, 

By  Rev.  GEO    M.  SEARLE. 

The  principal  feature  of  this  method  is  the  obtaining         This  reduces  to 

of  the  distance  of  the  comet  by  a  trigonometric  equation      /.       >  v:  ,    ■>  .  , .   .  r  •  ixfa      „,  ,    .  „,.      .  ,       a       0, 

(As-AiJ    • '/    ■  IA,A8[sin  i(ft  — ft)  +  sin2i(A3-Ai)cosftcosft] 

+  2Alfy[cos  \  cos  G  cos  ft  +sin  \,  sin  G  cos  ft] 

-  2A80[cos  A3  cos  G  cos  j83  +sin  \8  sin  G  cos  ft] 

or  making       g0  sin  G'0  =  (/  cos  ft  cos  (Aj  -  G) 

g0  cos  G(,  =  g  cos  ft  cos  (A3  -  (?) 

ami  denoting  the  angle  between  the  first  and  third  geo- 
centric places  ot  the  comet  by  v,  we  shall  have,  after  some 
further  slight  reductions,  and  making 

h  =  V8  9o  sm  (G0  -  y) 

('  =  4  [sin2  hv  +  cos  v  sin2  (y  -  45°)] 

k2  =  g-  +  /iA  +  (A2 

Now  denoting   J.(r,  +  rs)    by    r„  ,   and   /.'i73  -  «,)    by  0  , 
we  have 


a  sin8  ?  +  6  cos  (£  +  2z)  =  1 

in  which -o,  6  and  £  are  computed  from  the  observations 
and  the  usual  assumed  ratio  of  the  triangles  formed  by  the 
radii  vectores  of  the  comet  and  the  chords,  resulting  in  a 
ratio  of  the  first  and  third  geocentric  distances.  The 
angle  z  is  the  one  opposite  to  the  radius  vector  of  the  earth 
in  a  fictitious  triangle  of  which  the  sides  are  the  square 
roots,  respectively,  of  the  half  sum  of  the  squares  of  the 
radii  vectores  of  the  earth,  of  those  of  the  comet,  and  of 
its  geocentric  distances,  at  the  first  and  third  times.  De- 
noting the  radii  vectores  of  the  earth  by  R-^  Rt  R--  those 
of  the  comet  by  i\  r2  r„  and  the  geocentric  distance  by 
A,  A„  A3 ,    we  will  write,  without  subscript, 

R  =  v W7~+~r7)    '•  =  Vao-^+'-s2)    a  =  vkv  +  V) 

Now  denoting,  similarly,  the  angle  included  between  ft 
and  A  by  fa  we  have 

,y  =  R*  -f  Af  -  2/i\  A!  cos  fa  . 
,y>  =  Ri  +  A32  -  2/?3  A3  cos  fa 

Taking  the  half  sum  of  these  equations,  we  have 
r2  =  ft2  +  A2  -  [fi,  A,  cos  fa  +  R3  A3  cos  ^s] 
Let  us  now  represent  the  ratio,  supposed  to  be  known. 

t~  by  tan  y  ;   we  shall  have   A,  =  y/2  cos  y  ;  A  and  A3  = 

V2  sin  y  ■  A  :    and.  putting  in  these  values 
r2  =  R-  +  A2  -  V2  [/?!  cos  y  cos  fa  +  ft3  sin  y  cos  fa]  A 

or.  if  we  make 

ftx  cos  y  cos  fa  +  ft8  sin  y  cos  fa 
V2  R 

r'2  =  ft2  f  A2  -  2ftA  cos  f 
This  equation  represents  the  fictitious  triangle,  the  sides 
of  which  are    r,  R  and  A,    the  angle  included  between  R 
and  A  being  fa 

We  will  now  compute  y,  the  chord  of  the  earth  between 
the  first  and  third  places,  and  G.  the  longitude  of  the  first 
place  as  seen  from  the  third,  by  the  formulas 
g  sin  G  =  ft3  sin  L3  —  ft,  sin  Lt 
g  cos  G  =  R3  cos  L3  —  ft]  cos  Lj 
Now  denoting  the  curtate  distances  (A  cos  ft  for  the 
first  and  third  places  by  pi  and  p3  we  shall  obtain  for  the 
square  of  the  chord  «  : 

"■"  =  [pz  sin  A3  —  p,  sin  \x  —  g  sin  G]2 
+  [p3  cos  X3  —  p1  cos  K  —  g  cos  G]2 
+  [p3  tan  ft  -  pn  tan  ft]2 


COS  if 


202     . 

—  P'  =  K' 

'0 

in  which   p.2   is  a  quantity  slightly    >  1  ,  and  obtained,  as 
soon  as  r  is  roughly  known,  with  sufficient  accuracy  by 


the  formula      p.2  =  1  + 


24r 


We  have  then 


r    , 


g2  +   h  A   +   i  A2 


( Imitting  for  the  present  the  factor     -  p2,  and  denoting 


by  z  the  angle  opposite  to  ft  in  the  fictitious  triangle,  so 
that 

ft  sini/<  ft  sin  (z  +  fa 


r 

sm  z 

we  have 


sin  z 


=  ft  (cos  i/'  +  sin  ty  cot  z) 


2&2 
ft  sin  ip 


sin  z  =  g2  +  hR  cos  >j/  +  ift2  cos2!/' 

f  (/i  ft  sin  f  +  i  R2  sin  2i/0  cot  z 
+  t  ft2  sin2  >p  .  cot2  z 

or,  multiplying  by  sin2z 

4  02 

-f-—. sin8  z  +  (g    +  h  ft  cos  \j>  +  i  ft"  cos  2  i/r)  cos  2« 

ft  sm  i^ 

—  (fe  ft  sin  <p  +  i  ft2  sin  2i/0  sin  2r 

=      g"  +  h  ft  cos  i/'  +  i  ft2 

or,  making  the  coefficient  of  cos    2z  =  ai  cos  £  .    and  that 

of  sin    2z  =  ax  sin  t,  ,    and  the  constant  term  =  bx 

iff2 


ft  sin  \f/ 
or  finalljr,  denoting 


sin8  z  +  aj  cos  (£  +  2z) 
4  62 


&i 


,  by  a ,  and  r  by  b, 
Oj  ft  sm  if/  bi 


a  sin3  z  +  6  cos  (£  +  2z)  =  1 
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It  may  be  more  convenient  to  compute    ci,  and  bi  as 
follows: 
mak  I  R'2  —  y~  =  c2  i  R1  +  <y2  =  b2 

we  have 

sin  (£  —  if)  =  «?  sin  ^ 

-(I  cos  c£  —  i/0  =  /(  K   -  f>2  cos  </- 

?>!  =  /■,  R  us  i/' 

The  equation  for  a  being  solved  by  trial  we  have 

A    =  R  sin  (2  +  i/Oeosei    : 

A,  =  A  ^2  cos  y 
A .  =  A  i    2  sin  y 

from  which,  of  course  the  elements  can  be  computed.     But 

it  will  usually  be  worth  while,  before  getting  the  final  value 

r 
ot  z.  to  compute  the  quantity 


easily    obtained;     but    the    ratio    -   is    more    easilv    and, 
aecuratelv  got   by  making  tan  e  =  —  which   sives  —  = 


sec  (45  —  e).      In  the  same  way.  since    /j."  =  1 


8- 
24?' 


if  we  make    tan'2 1'  = 


24r! 


sec-  e 


To  obtain  this  we  may  put        tan'2  Sj 


/x2  for  greater  accuracy. 

V 

tan  (zj  -  ^j)=sec  28j  tan  h\lil ;    i\  =  ff]  sin  </-,  cosec  z; 
and  similarly  for  rs. 

In  these  formulas  ^  and  r3  are  of  course  the  real  angles 

for  the  first  and  third  places  corresponding  to  z  in  the 

fictitious  triangle.     Or  we  may   use  the  usual  formula 

rf  =  i?j-  +  Af  —  2i?i  Aj  cos  i/'i  and  similarly  for    r3 . 

Having  obtained  i\  and  r3  of  course  both   r  and  /'„  are 


Of  course  when  losj    -/a2    has  been  obtained,,  we   only 
'"o 

have  to  add  it  to  the  logarithm  of  the  coefficient  of  sin3  z 
in  the  trial  equation,  and  solve  that  equation  accurately. 

It  will  be  noticed  of  course  that  no  value  of  z  greater 
than  ISO  —  <p  can  be  admitted  as  a  true  solution;  such  a 
value  indeed  will  give  a  parabola,  but  the  points  occupied 
in  it  by  a  comet  at  the  times  of  observation,  will  be  exactly 
opposite  in  the  celestial  sphere  to  those  actually  observed. 

The  formulas  for  actual  computation  will  be  as  follows. 
We  have  for  the  three  observations  the  observed  longitude 
(A)  latitude  (ft  longitude  of  the  sun  (L)  radius  vector  of 
the  earth  (ft)  and  the  time  (t).     We  denote  k(t^  —  ^)  by  6. 

We  first  compute    ///  =  tan  ft  cosec  (A2 .  —  L.2) 


tan  y 


/3  —  t.2      sin  ft    m  cot  ft  sin  (A;  —  L.,)  —  1 
L  —  /]       sin  ft    1  —  ///  cot  ft  sin  (Ag  —  L.:) 


cos  ^i  =  cos  ft  cos  (\i  -  L^  g  sin  (G  -  Lj)  =  ft3  sin  (L3  -  LJ  g0  sin  G0  =  y  cos 

cos  <j/3  =  cos  ft  cos  (X,  —  L3)  y  cos  (G  -  LJ  =  ft3  cos  (L3  —  Lx)  —  R  y0  cos  G0  =  <7  co; 

R  =  V*  (ft,2  +  ft32)      j      sin2  J  v  =  sin2  J  (A3  -  A,)  cos  &  cos  ft  +  sin32  i  (ft  -  ft) 

Ri  cos  ^i  cos  y  +  ft3  cos  fa  sin  y 
cos  *  =  ^-p 


</„  sin  G0  =  y  cos  ft  cos  (Aj  —  G) 
<7o  cos  Go  =  <7  cos  ft  cos  (A3  —  G) 


a2 

62 


V2  ft 

i  ft2  -  g* 
i  ft2  +  3s 


*  =  Vs  &  sin  (G„  -  y) 

a,  sin  (£  —  </<)  =  a,  sin  <A 
fl]  cos  ((  —  <j/)  =  h  R  —  b-,  cos  ^ 
l>i  =  b2  +  h  R  cos  ^ 


4  [sin2  J  v  -  cos  r  sin2  (y  —  45°)] 


4  02 


6t  R  sin  0" 


6  = 


6, 


The  trial  eqtiation  is  then  a  sin3  2  +  b  cos  (£+2.?)  =  1.     z  ha\*ing  been  obtained  by  this,  we  have 
R  sin  \p  R  sin  (z  +  <p) 


sin  z 


>m  ; 


A,  =  A  ^  cos  y 


As  =  A  V2    sin  y 


From  Aj  and  A3  we  obtain  i\  and  ra  by  the  formulas 
above  given;  if  we  wish  to  obtain  the  correction  to  loa;  a 
in  the  trial  equation,  then  the  process  is  as  follows: 


tan  « 


tan2  e' 


24r3 


from  these  the  correction 


to  Ion  q  will  lie      log  sec  (e  —  45°)  +  2  log  sec  e' . 

The  corrected  value  of  z  being  obtained,  and  Jj  and  ^3 
as  above,  the  elements  may  be  computed  by  any  formulas 
thai  may  be  preferred. 

Perhaps  it  may  be  best  to  obtain  i\  and  v,  as  follows: 


We  have     4<\  r3  sin2  lc    -  i^)  =  «-'  -  (r3  -  i\)-    which 
gives 

fl3 

r0  r,  r,  sin2  |  (r3  -  i\)  =  —  n'  -  r03  cos2  2u 

in  which  tan  u  =  %/tan  «   all(-l  'o  °f  course  =  i  (r,  +  rs)  = 

r  cos  (f  -  45°) 

Then    tan  \  (r3  -  r,)  =  cot  { i  r3  -  r,)  tan  (u  -  45°) 
The  following  example,  taken  from  Watson's  Theoretical 

Astronomy,  p.  199,  may  be  convenient.     The  data  ar< 

follows: 
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Washington  M.  T. 


1864   Jan. 


10.3084 
13.2768 
16.2930 


;. 

297  52  "1 
302  57  34 
310  31  35 


-  55  46  58 
57  39  36 
59  38  19 


290  6  27 
293  7  57 
296  12  16 


log/? 

9  992763 
9.992830 
9.992916 


A    COS  /33 


\A  atson's  computation  of  .1/  =  —   — -  gives  log  M=9.829827;  for  the  remaining  work  we  will  neglect  fractions 

-^i  COS  Pi 

of  a  second  of  arc.     We  have  from  this      log  tan  y= 9.876139,  and  y  =  36°  56'  17" 


^  =  56°    8'  24" 

g-  =  .01094.-,!! 

fs  =  60    40    34 

G  =  22    58    1 

^  =  58    28    1 

\osh  =  8.19659571 

log&s  =  9.017417 

logo,  =  8.904021 

40s 

„   .     ,  -  8.703840 

loa:  o  =  9.721557 

R  sin  ip 

Our  trial  equation  then  is 
[9.721557]  sin3  3  +  [9.921738]  cos  (119°22'57"      J:     =  1. 

The  only  root  ol  this  equation  between  zero  and  (ISO  — 
W  =  121°31"  =  92°38'29".  which  gives  log  A,  = 

9.730606   logAg=  9.606745   each  smaller  by  .000353  than 
Watson's  values. 


log  y0  =  8.223528 

G0  =  17    31'  4s 
log  i  =  8.983485 

s'isjjs:; 

=  9.921738 


log  R  =  9.992840 

\v  =    .00457910 
tog  ,:.,  =  8.914874 
I  =  L19c  22  57" 


By  computing  the  correction  to  log  a.  we  find  it  to  be 
-.000477  giving  log  a  =  9.722034  instead  of  9.722157. 
and  resulting  in  z  =  92°36'58"  .  log  A,  =  9.730943  .  log  A. 
=  9.607082,  being  imv.  less  than  Watson's  values  by  only 

.00001:1. 

These  values  give  the  following  elemen 


ls63     Dec.  27.5632 
\\  atson     Dec.  27.5647 


Q  '  log  g 

115  39  57  304   43   15  64  31   14  9.887370 

115  40     6  304  43   12  64  31  22  9.887378 

Resides  this  value   of   ;.    there   is   another,    <  180°,  =  13lc  U'52"  giving  elements  as  follows: 

T  <u  SI  i  log  q 

L864     Feb.  15.7-  14  43  32  143  22  35  18°53  20  9.976910 


These  elements  correspond,  of  course,  to  a  negative 
value  of  A,  and  would  be  correct  if  the  observed  longitudes 
had  differed  by  ivy0  from  their  true  values,  and  the 
latitudes  had  an  opposite  sign. 

The  trial  equation,  fully  developed,  will  give  one  of  the 
sixth  degree  in  terms  of  cot  z  or  of  A,  but  is  more  con- 
viently  solved  in  its  present  form.  Of  course,  by  the  con- 
ditions of  the  actual  problem,  z  is  limited  to  the  first  two 
quadrants:  moreover,  it  is  plain  that  any  values  of  cot  £ 
found  in  the  third  and  fourth  quadrants  will  also  exist  in  the 
first  and  second,  which  contain  all  values  from  —  oo  to     co. 

It  would  appear  that  there  can  practically  never  be  more 
than  two  real  roots  of  this  equation  of  the  sixth  degree, 
unless  it  should  have  two  or  four  equal  roots.  For  if  we 
take  the  general  approximate  equation  for  the  conic  section 

2  /■"  ^—  =  0,  0„       (Watson's  notation,  p.  235)  in 

Co 

which  61  and  02  correspond  to  the  intervals  (U  —  tx)  and 
(U  —  k)  and  divide  it  by  the  parabolic  approximate 
equation 

2ff2 


we  have 


2i*(A  -k0) 


Co   « 


2  *i  e. 


2  0- 


which  gives  an  equation  of  the  third  degree  in  A.  which 
cannot  have  more  than  three  real  roots.  Even  if  there 
should  be  three,  it  would  not  follow  that  they  represented 
parabolas,  for  the  quotient  of  the  two  equations  would 
result  the  same  if  in  each  equation  the  first  member  was 
the  same  multiple  of  the  second.  But  if  there  be  a  para- 
bolic solution  of  the  observations,  it  will  be  one  of  these 
roots;  for  the  parabola,  being  a  conic  section,  must  verify 
the  first  equation  as  well  as  the  second.  It  would  follow 
that  the  equation  of  the  sixth  degree  cannot  have  more 
than  three  different  real  roots:  and  therefore  that  any 
more  that  might  result  from  its  solution  must  make  a  pair 
with  one  of  these  three. 

In  the  special  case  of  our  example,  two  of  the  roots  for  A 
in  the  equation  of  the  third  degree  are  the  same  as  those 
which  have  been  given;  the  third  gives  a  value  of  A  = 
+3.3  approximately,  and  a  value  of  k  altogether  impossible 
even  for  the  two  outside  observations,  except  for  a  hyper- 
bola. 

It  would  seem  probable  that  the  regular  case  is  that  of 
our  example,  in  which  the  elliptic  solutions  for  A  would 
be  between  a  parabolic  position  and  negative  value  of  A. 
with  that  of  the  earth,  for  which  A  would  be  zero;  and 
that  those  lying  outside  these  two  would  be  hyperbolic. 
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MAXIMA    OF    OMICBON  CETI, 

By   CHARLES   P.  OLIVER. 


This  paper  forms  a  continuation  of  that  published  in 
A. J.,  No.  600.  and  contains  the  observations  of  o  Ceti 
made  during  the  last  three  maxima.  As  before  the 
estimates  were  made  generally  by  Argelander's  method 
without  optical  assistance,  except  that  at  times  a  field 
glass  was  used. 

The  columns  in  the  table,  from  left  to  right,  give  the 
time  of  observation,  the  deduced  magnitude  and  the 
number  of  comparison  stars. 

Of  the  three  maxima,  the  first  occurs  about  1908  Nov.  15 
but  from  the  lack  of  observations  near  this  date,  due  to 
cloudy  weather,  etc.,  it  is  uncertain  by  several  days  at 
least. 

The  next  year  the  maximum  is  well  determined  and 
comes  on  1909  <  >ct.  27  the  curve  being  steeper  while  the 
magnitude  was  increasing  than  afterwards  when  it  was 
decreasing. 

The  maximum  for  1910  was  roughly  determined  as 
falling  on  Aug.  1.  but  for  a  month  the  variable  remained 
at  nearly  its  greatest  brightness  and  therefore  the  date 
is  uncertain.  The  highest  magnitude  recorded  during 
these  three  years  was  only  3M.08  in  1909,  a  whole  magni- 
tude fainter  than  in  1906. 

The  observations  in  1909  beginning  with  July,  and  all 
for  1910  were  made  at  the  Lick  Observatory,  Mount 
Hamilton,  Cal.     The  remaining  ones  were  made  here. 
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COMMUNITY   OF   MOTION   AMONG   SEVERAL   STARS   OF   LARGE 

PROPER-MOTION, 

By  BENJAMIN  BOSS. 


The  comparatively  recent  investigations  of  several 
astronomers  have  proved  almost  beyond  the  possibility 
of  a  doubt,  that  there  exists  a  preferential  direction  of  the 
motus  peadiaris  among  the  stars,  directed  toward  a  vertex 
at  K.A.  =  6h:«"'.4.  Decl.  =  +  9°.3  and  its  antivertex. 
This  position  of  the  vertex  is  tak"n  from  the  unpublished 
results  of  a  recent  investigation  by  Prof.  Lkwis  Boss. 
Because  of  solar  motion,  the  apparent  directions  of  vertex 
and  antivertex  are: 

Vertex  R.A.  95°.6,  Decl.  -7°.5     I 
Antivertex  R.A.  289.9,  Decl.  -54°.0     II 

Eddington's  values  for  vertex  and  antivertex  are: 
Vertex  R.A.  90°.8,  Decl.  -14°.6     I 
Antivertex  R.A.  287°.8,  Decl.  -64°.l     II 

Although  the  material  and  methods,  employed  by  the 
different  investigators  in  reaching  this  conclusion,  differ 
widely,  yet  the  vertex  as  computed  by  each,  is  substan- 
tially the  same  as  those  cited  above. 

It  was  with  a  view  toward  throwing  some  light  on  the 
phenomena  of  preferential  motion  among  the  stars,  that 
I  undertook  the  investigation  leading  to  the  preparation 
of  this  article. 

There  are  three  phenomena  which  made  this  work  seem 
worth  while.  First,  the  existence  of  two  groups  of  stars 
moving  apparently  with  nearly  uniform  velocity  in  the 
components  of  each  in  approximately  parallel  lines:  the 
Taurus  group  in  the  general  direction  of  the  vertex 
(inclined  to  it  about  15°),  and  the  Ursa  Major  group 
inclined  about   18°  with  the  antivertex. 

Secondly,  Professor  Dyson's  discovery  that  the  pref- 
erential motion  is  more  decidedly  marked  in  the  case  of 
stars  of  large  proper-motion  than  in  the  case  of  stars 
of  small  proper-motion.  (Proc.  Royal  Soc.  Edinburgh, 
Vol.  XXVIII,  Part  III,  No.  13;  ami  Vol.  XIX,  Part  IV, 
No.  21). 

Thirdly,  the  fact  discovered  in  the  recent  unpublished 
researches  of  the  Department  of  Meridian  Astrometry  of 
the  Carnegie  Institution  of  Washington,  at  the  Dudlev 
Observatory,  showing  that  there  is  no  noticeable  pref- 
erence of  the  peculiar  motions  of  stars  of  type  B  in  the 
direction  of  the  vertices. 


The  second  effect  might  be  attributed  to  an  effect  of 
contrast  growing  out  of  the  comparative  indetermination 
«ii  the  smaller  motions  in  relation  to  systematic  error  of 
observation,  accidentally  masking  the  true  relations;  as 
tn  the  B  stars,  their  peculiar  motions  are  very  small  and 
the  relatively  large  probable  errors  of  determination  might 
serve  to  mask  in  some  degree,  any  preferential  tendency. 

These  three  phenomena  made  me  decide  to  start  my 
investigation  with  a  search  for  streams  among  stars  of 
very  large  proper-motion,  directed  toward  convergent 
points  selected  in  the  area  surrounding  the  apparent 
vertex  and  antivertex. 

I  first  took  up  the  investigation  of  the  seventy-one  stars 
of  greatest  proper-motion,  contained  in  the  Preliminary 
tun,  ml  Catalogue,  constructing  tables  which,  for  any 
assumed  convergent  point,  will  give  the  position  angle 
at  any  given  star,  necessary  to  bring  it  to  convergence  at 
that  point.  It  immediately  became  apparent  that  a 
huge  proportion  of  the  stars  under  consideration  showed 
a  tendency  to  move  in  the  direction  of  the  vertex  of  pref- 
erential motion.  By  shifting  the  assumed  convergent 
point,  I  finally  hit  upon  a  point  which  so  nearly  satisfied 
t  he  motions  of  several  stars  (Table  I),  that  it  would  serve 
as  a  basis  for  a  virtually  rigorous  determination  of  their 
convergent,  rendering  it  very  probable  that  the  motions 
of  these  stars  were  nearly  parallel. 

By  Argelander's  method  of  computing  the  conver- 
gent, it  was  fixed  at 

R.A.  =  99°9'  Decl.  =  +0°.5 
Employing  this  value  of  the  convergent,  the  values  of  0,, 
were  next  computed  for  each  star,  as  exhibited  in  Table  I. 
8C  is  the  computed  position-angle  of  the  above  convergent 
from  the  respective  stars.  The  quantities  in  the  column 
"C  -  0"  are  formed  from  Qc  —  0 .  The  values  of 
"C  —  0"  are  larger  than  should  obtain  simply  from 
errors  of  observation  for  8,  in  the  case  of  proper-motions 
so  large.  We  must  conclude  that  these  motions,  while 
approximately  parallel,  are  not  exactly  so.  In  the  case 
of  the  Taurus  group,  the  motions  are  only  about  one- 
tenth  of  the  motions  we  are  considering  in  the  present 
case  and  they  can  afford  no  very  critical  test  as  to  exact 
parallelism  of  the  motions  of  that  group. 
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Table  I.     Comparison  of  Observed  with  Computed  6. 


P.G.C.  No. 

127 
372 

514 

027 
L259 

1449 

2161 
3095 

54:;:; 
5434 

5654 
5758 


Name 

Pi  130m 
Pi  142 
8  Triang 

Grm  284 
A.  Aurig 
tt  .!/( nsai 

Pi  321 

/.   Iss7 
61'  ( 
61'Cygni 

c  Indi 
v  Indi 


Mag. 

M 

5.9 
5.3 
5.1 

S.7 
4.8 

5.8 

7.2 
5.1 
5.5 
6.1 

4.9 

5.6 


Type 

K 

F 
G 

G 
G 

G, 

/v's 
G 


A", 
F 


R.A.  1875 

h         m 

0  30.0 

1  34.2 

2  0.4 

3  54.9 
5  10.4 
5  47.2 

8  3.S 

11  40.6 

21  1.3 

21  1.3 

21  53.8 

22  13.8 


Decl.  1S75 

-25  27 
+  41  59 
+33  39 

+  34  58 
+39  59 

-80  34 

+32  51 

-39  40 
+38  8 
+38     8 

-57  18 
-72  52 


."a 

13s'.6 

81.9 

117.9 

220.8 

84.2 

109.5 

so. 7 
157.4 

525.2 
515.3 

169.5 
145.1 


90.4 

99.9 

102.0 

127.7 

140.9 

10.9 

214.5 

284.2 
52.0 
53.6 

123.7 

I  Iss 


0C 

90.2 

99.4 

102.9 

123.5 

146.8 

12.5 

216.8 

27H.5 

49.4 

49.4 

125.7 
124.4 


C-0 

O 

-0.2 
-0.5 
+0.9 

-4.2 
f5.9 

+  1.6 

-  2.3 
-4.7 
-2.6 
-4.2 

1-2.0 


The  numbers  in  first  column  of  above  table  indicate  the  numbers  in  the  Prelimi/uir;/  General  Catalogue. 


The  result?  for  the  present  group  of  large  motions  are 
exhibited  in  Table  I,  in  which  p0  is  the  total  centennial 
proper-motion  and  0  its  position  angle. 

It  is  beyond  probability  that  eleven  stars  out  of  seventy- 
one  would  by  chance  show  parallelism  within  such  narrow 
limits,  unless  there  is  some  systematic  cause  predisposing 
toward  such  parallelism.  The  seventy-one  were  chosen 
without  reference  to  direction  of  motion. 

However,  before  being  able  to  decide  definitely  that 
these  motions  are  not  the  result  of  some  freak  of  chance, 
it  was  desirable  to  obtain  values  of  the  radial  velocity  for 
at  least  a  few  of  these  stars.  Through  the  courtesy  of 
Professor  Aitken  acting  for  Professor  Campbell  during 
the  latter's  absence,  I  was  enabled  to  secure  the  results  of 
the  Lick  radial  velocities  for  six  stars,  one  of  which  velo- 
cities however,  that  of  8  Trianguli,  is  variable.  With 
these  values  of  radial  velocity,  combined  with  the  deter- 
mination of  the  radial  velocity  of  61  Cygni,  made  at  the 
Yerkes  Observatory,  and  taking  due  account  of  weights, 
the  actual  mean  linear  velocity  of  the  group  in  space  was 
computed,  on  the  hypothesis  of  uniform  velocity  in 
parallel  lines.  It  amounts  to  95  kilometers  per  second. 
From  this  value  the  individual  radial  velocities  were  com- 
puted on  the  supposition  of  uniform  motion  in  parallel 
lines,  and  tabulated  as  in  Table  II.  The  quantity  / 
represents  the  distances  between  the  star  and  the  con- 
vergent. ps  was  computed  by  the  formula  ps  =  /  cos  d  , 
where  I  represents  the  linear  velocity  of  the  star  in  space 
for  one  second,  and  ps  represents  the  radial  velocity  per 
second.  If  there  was  any  doubt  before  of  a  real  systematic 
connection  between  these  -tars,  the  close  agreement  of 
computed  with  observed  radial  velocities  should  remove 
it,  when  taken  in  connection  with  the  essential  agreement 
of  C  —  O  in  the  case  of  the  position  angles  of  motion.  The 
value  of  -38.7  km.  for  p,  attached  to  star  No.  5654  is  not 
definitive.  The  disagreement  between  the  observed  and 
computed  radial  velocity  of  star  No.  372  would  seem  to 
exclude  it  from  membership  in  the  group. 


Table  II.    Comparison  of  Observed  with  Computed  p. 

Obs. 


P.G.C.  No. 

127 

372 
514 

927 
1259 
1449 

2161 
3095 
5433 
5434 

5654 
5758 


91,5 
79.0 
70.6 

51.0 
42.2 
81.5 

38.3 

79.6 

129.0 

129.0 

111.1 
100.7 


+  4.9 


+  66.5 
+  12,0 


+  17.7 
-62    " 


-38.7f 


Comp. 
P 

km. 

-  2.5 
+  18.1 
+31.6 

+59.7 
+70.4 
+  14.0 

+74.6 
+  17.2 

-  59.8 
-59.8 

-34.2 

-17.7 


C-0 


13.2 


+ 


3.9 
2.0 


-   0.5 
+  2.2 


-   4,5 


Table  III.  Comparison  of  Observed  with  Computed  it. 


P.G.C.  No. 

Obs. 

TT 

Comp. 

TZ 

C-0 

127 
372 

514 

(.36) 
.12 
.12 

.07 
.04 
.06 

(-.29) 

(-•OS) 

-.06 

027 
1250 

1  it!) 

(.01) 
.11 

.14 
.06 
.06 

(  +  .13) 
-.05 

2161 
3095 
5433 
5434 

.05 

31 
.31 

.06 

.OS 

.34 

+  .01 

5654 

575S 

.28 

.25 
.07 

-.03 

*  Taken  at  Yerkes  Observatory. 
t  Not  definitive. 
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I  also  endeavored  to  make  a  comparison  of  observed 
with  computed  -.  the  parallax.  Table  III  shows  the 
comparison.  Observed  parallaxes  have  been  found  to  be 
relatively  so  uncertain  that  we  must  be  prepared  for  errors 
larger  than  the  nature  of  the  measurements  would  lead 
one  to  anticipate.  The  two  best  determined  parallaxes, 
those  of  stars.  5433  and  5654.  agree  very  well.  Of  the  re- 
maining stars  No.  927  has  been  compared  with  stars  of 
brighter  magnitude  in  obtaining  the  observed  determina- 
tion of  its  parallax,  and  these  brighter  stars  may  have  a 
considerable  parallax  of  their  own.  The  first  two  stars. 
Xos.  127  and  372.  depend  on  a  single  determination  of  t, 
the  first  by  Flint,  the  second  by  Smith.  The  observed 
parallaxes  employed  in  Table  III  are  taken  from  the  com- 
pilation of  measured  parallaxes  contained  in  Publication 
No.  24  of  the  Astronomical  Laboratory  at  Groningen. 

Now  let  us  revert  to  the  column  C  —  O  of  the  position- 
angles  6  (Table  I).     The  only  parallel  cases  we  have  to 
compare  with  are  those  of  the  Taurus  group  and  the 
Majo    -roup.     In  the  case  of  the  2  -roup  there  are 

nineteen  instances  out  of  thirty-nine  where  the  0—0 
exec  probable  error  of  0,  and  six  cases  where  it 

exceeds  twice  the  probable  error.  This  is  in  good  accord- 
ance with  the  theory  of  distribution  of  probable  errors 
But  when  the  stars  of  the  V  re  considered, 

we  find  that  six  C-  -<  >'sout  of  ten  exceed  the  probable  error 
of  6.  five  out  of  these  six  exceed  twice  the  probable  error, 
two  out  of  these  five  exceed  three  times  the  probable 
error,  and  one  of  these  two  exceeds  ten  times  the  probable 
error.  This  exhibits  an  excess  of  large  residuals.  The 
group  under  consideration  in  this  article  shows  even  larger 
residuals  in  proportion  to  the  probable  errors  of  deter- 
mination: but  these  latter  are  naturally  much  smaller 
t  han  for  the  other  groups,  owing  to  the  much  larger  proper- 
motions  and.  consequently,  greater  precision  of  determina- 
tion of  0.  Uniformity  of  motion  exists  in  all  three  groups, 
but  there  is  indicated  a  determinate  divergence  from 
parallelism  in  all  except  the  Taurus  group;  and  it  may 
exist  there,  though  it  cannot  be  detected  owing  to  the 
large  probable  error  of  observed  6  for  motions  so  com- 
paratively small.  Part  of  this  divergence  may  be  due  to 
small  systematic  errors  in  the  computation  of  proper- 
motions  in  various  regions  of  the  sky.  The  Taurus  group 
covering  only  a  comparatively  few  square  degrees  of  sky- 
space  would  be  little  affected  by  such  systematic  errors, 
while  the  Ursa  Major  group  and  to  a  greater  degree  the 
large  proper-motion  group,  covering  a  great  area  of  sky. 
would  be  affected  by  systematic  errors  in  the  proper- 
motions;  but  for  the  latter,  because  the  motions  are  large, 
this  effect  on  6  would  be  relatively  small. 

Also  it  must  be  remembered  that  during  the  course  of 
progress  of  such  a  stream  through  space,  encounters  with 
other  stars  must  occur,  which  might  sensibly  deflect  the 


motions  of  some  of  the  stars  in  the  stream,  while  in  an 
extreme  instance  a  star  might  be  entirely  detached  from 
the  stream.  The  longer  the  stream  lives,  the  greater  the 
chance  of  such  perturbations.  In  the  case  of  the  stream 
at  present  in  question,  most  of  the  stars,  it  will  lie  noticed. 
are  of  the  G  and  K  types,  indicating  according  to  our 
rit  ideas,  that  the  stars  have  lived  a  long  time,  and 
therefore  have  stood  a  greater  chance  of  being  deflected 
from  their  course  than  the  stars  of  the  Taurus  and  Ursa 
1/ a  or  groups,  the  latter  groups  being  mainly  composed  of 
stars  of  type  .1. 

But  there  is  another  explanation  for  the  divergence 
from  parallelism  which  seems  to  deserve  some  attention. 

As  has  already  been  mentioned,  there  is  little  doubt  left 
that  there  exists  a  preferential  motion  of  the  stars  in  two 
opposite  directions.  The  hypothesis  has  been  advanced 
by  Professor  Kapteyx  that  there  are  two  star  streams, 
each  a  universe  in  itself,  but  with  drifts  in  opposite 
directions.  In  each  stream  random-motion  is  supposed 
to  prevail  as  to  the  relation  of  its  constituent  stars.  These 
drifts  were  supposed  to  be  commingled. 

But  perhaps  these  conclusions  ought  not  to  be  literally 
accepted.  In  the  first  place  a  recent  unpublished  investi- 
gation by  Prof.  Lewis  Boss  -hows  no  indication  of  the 
existence  of  these  two  separate  streams  of  stars  as  indi- 
cating the  two  separate  systems  described,  but  shows  two 
tendencies  of  motion.  Secondly,  it  is  difficult  to  conceive 
of  such  streams,  unless  we  grant  that  the  masses  o 
material  which  originated  them  had  each  a  systematic 
drift.  All  indications  point  to  thenebulae  as  the  origin  of 
stars,  and  investigation  shows  no  sensible  motus  peculv 
of  the  extended  nebulae.  Still  the  preferential  motion 
must    have  some  cause. 

Prof.  Lewis  Boss,  as  a  result  of  his  investigations,  has 
suggested  (.1../..  No.  623—4)  that  the  action  which  causes 
progressive  increase  in  the  mean  velocities  of  stars  of  the 
several  types  from  B  to  .1/  may  be  due  to  repulsive  forces 
acting  between  a  star  and  its  neighbors  and  that  there 
may  be  a  polarity  in  the  direction  of  these  forces,  causing 
a  preferential  direction  for  the  larger  motions 

Suppose  we  imagine  the  force  which  causes  the  prefer- 
ential motion  of  the  stars  to  be  an  electromagnetic  force. 
or  some  force  akin  to  it.  What  for  instance  would  be  its 
effect  on  a  group  of  stars  which  had  fallen  under  its  influ- 
ence? The  lines  of  force  in  a  magnetic  field,  as  we  know,  are 
curved,  but  imagining  the  poles  to  be  far  enough  apart, 
and  the  force  of  polarity  relatively  small,  the  curvature 
in  any  limited  volume  would  be  relatively  slight.  Let  us 
suppose  our  visible  universe  to  be  such  a  limited  volume. 
Then  if  a  group  of  stars  in  a  limited  portion  of  the  visible 
universe  were  to  come  under  the  influence  of  the  electro- 
magnetic force,  and  that  force  alone,  they  would  move 
along  lines  of  force  which  are  essentially  parallel. 
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Now  let  us  suppose  another  group  of  stars  more  widely 
scattered  to  come  under  this  same  influence.  The  sepa- 
rate stars  would  then  move  along  lines  of  force  slightly 
diverging  from  parallelism.  The  more  scattered  the 
group,  the  farther  apart  would  the  individual  members 
of  it  diverge  from  parallelism. 

Thus  strict  parallelism  ought  not  to  be  expected;  be- 
cause even  if  the  motions  originate  in  such  strict  parallel- 
ism, the  perturbations  mentioned  would  inevitably  de- 
stroy it. 

It  might  now  be  well  further  to  consider  the  probability 
of  the  existence  of  such  a  force  as  I  have  made  use  of  in 
accounting  in  part  for  a  tendency  toward  parallelism  in 
the  members  of  star-streams  directed  nearly  toward  the 
vertex. 

There  are  several  facts  that  seem  to  render  its  existence 
very  likely. 

Such  a  fact  is  the  acceleration  of  motion  with  develop- 
ment of  spectral  type,  i.e.  with  the  increase  in  the  age  of 
a  star.  This  acceleration  of  motion  has  been  firmly  es- 
tablished by  Prof.  Lewis  Boss  from  proper-motions, 
and  by  Professors  Frost  and  Campbell  from  motion  in 
the  line  of  sight.  Unless  we  conceive  of  some  such  force 
as  the  constant  attraction  exerted  by  an  electromagnetic 
field,  it  is  hard  to  understand  how  the  motion  of  a  star 
could  increase  with  the  age  of  a  star  in  the  manner  found; 
nor  how  this  acceleration  should  apparently  diminish 
with  development  of  type,  unless  that  diminution  of  the 
rate  can  be  attributed  to  the  weakening  of  electromagnetic 
action  in  the  star  due  to  its  advancing  age. 

Again  we  find  comparatively  low  inclinations  to  the 
Galaxy  among  stars  of  large  proper-motion,  with  the 
motions  more  extended  in  the  direction  of  the  vertices. 
Under  an  electromagnetic  force,  any  star  cutting  across 
the  lines  of  force  of  the  general  magnetic  field  would  in 
time  have  its  own  poles  swung  into  parallelism  with  the 
poles  of  the  field.  The  question  may  be  asked,  why  do 
any  stars  deviate  from  parallelism  with  the  lines  of  force? 
To  answer  this  we  must  begin  with  some  hypothetical 
origin  of  motion. 

As  has  been  stated,  the  actual  data  seem  to  lead  us  to 
the  conclusion  that  there  is  no  sensible  motion  of  the 
extended  nebulae.  How  then  do  the  stars  originating 
from  these  nebulae  acquire  their  motion?  The  evidence 
is  that  extended  nebulae  do  not  have  sensible  molus 
pecviiaris.  It  would  seem,  therefore,  if  the  stars  originate 
by  condensation  of  nebulous  matter,  that  the  initial 
velocities  of  stars  must  also  originate  within  those  ex- 
tended nebulas. 

Recent  studies  have  proved  that  gases  and  vapors,  when 
ionized,  contain  electrically  charged  particles.  In  the 
case  of  the  nebulae,  ionization  might  be  caused  by  the 
existence   of    a   general    magnetic    field    throughout    the 


universe,  such  as  has  already  been  suggested  as  the  cause 
of  the  preferential  motion  of  the  stars.  That  the  natural 
separation  of  positive  and  negative  charges  of  electricity 
is  not  a  revolutionary  idea,  nor  an  improbable  state,  is 
shown  by  the  existence  of  lightning  on  our  own  earth. 
There  must  be  immense  charges  segregated  in  order  to 
cause  a  stroke  of  lightning. 

Another  possible  cause  which  may  account  for  the 
segregation  of  positive  and  negative  charges  of  electricity 
in  the  nebula,  is  heat. 

Consider  a  nebula  non-uniformly  charged.  Suppose 
the  nebula  to  start  an  internal  motion  in  the  formation 
of  a  star,  under  the  force  of  gravitation.  Electromagnetic 
fields  will  be  created  by  the  motion  of  the  segregated 
electrical  charges.  We  have  then  electromagnetic  fields 
created  within  the  nebula.  There  will  be  great  activity 
among  them,  and  at  intervals,  with  the  poles  of  these 
fields  directed  in  favoring  directions,  there  will  result  the 
expulsion  of  some  part  from  the  main  body  of  the  nebula. 
Thus  we  have  an  initial  motion  given  to  our  star,  and  if 
this  motion  is  caused  by  a  certain  accidental  arrangement 
of  the  poles  of  the  electromagnetic  fields,  the  direction  of 
motion  is  purely  random.  As  a  matter  of  observation 
an  unpublished  investigation  at  the  Dudley  Observatory 
shows  random-motion  to  prevail  among  stars  of  Type  B, 
i.e.  among  the  new  stars. 

But  as  has  already  been  stated,  the  existence  of  a 
general  polarity  of  the  universe  tends  to  align  the  poles 
of  the  star  with  the  lines  of  force  of  that  polarity,  and 
gradually  the  motion  of  the  star  takes  the  direction  of  the 
lines  of  force. 

There  will  be  many  perturbing  influences  brought  to 
bear.  With  the  near  approach  of  one  star  to  another, 
gravitation  may  in  some  cases  cause  orbital  motion,  and 
in  extreme  cases  the  star  may  even  be  swung  to  right 
angles  from  its  original  course.  Also  it  may  happen  that 
there  are  local  disturbances  to  the  lines  of  force  at  any 
given  point,  which  might  deflect  the  star  to  a  considerable 
degree.  But  the  general  tendency  will  be  for  the  stars  to 
accelerate  in  the  directions  of  the  poles  of  the  universe. 

In  his  investigations  of  the  motions  of  the  stars,  in  a 
paper  as  .vet  unpublished,  Prof.  Lewis  Boss  obtains  for 
the  axes  of  the  ellipsoid  representing  the  distribution  of 
those  velocities  and  motions,  the  ratio  of  7  to  4.  This 
gives  some  idea  of  the  relative  power  of  the  forces  at  play: 
that  which  gives  the  star  its  random-motion,  and  that 
which  tends  to  elongate  those  motions  in  two  preferential 
directions.  Also  as  can  be  readily  seen,  the  sphere,  re- 
presenting the  resultant  arrangement  of  stars  under  purely 
random-motion,  will  under  the  constant  force  of  polarity 
become  an  ellipsoid.  The  unpublished  investigation  by 
Prof.  Lewis  Boss,  already  referred  to,  actually  shows  that 
an  ellipsoid  represents   the  distribution    in  amount   and 
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direction  of  the  motions  of  the  stars,  as  first  suggested  by 
Professor  Schwarzschild.  (Nach.  von  der  Kon.  Geselis- 
chajt  der  Wissenschaften  zu  Gottingen.  Heft  5,  1907:  and 
Heft  2.  1908.) 

That  the  older  types  of  stars,  i.e.  the  stars  of  largest 
mean  peculiar  motion,  should  show  the  effect  of  prefer- 
ential motion  is  quite  in  keeping  with  the  hypotheses 
advanced,  for  the  force  of  polarity  has  operated  for  a 
longer  period,  in  the  case  of  these  stars,  during  which  to 
align  the  poles  of  the  stars  with  the  lines  of  force  of  the 
general  magnetic  field,  ami  consequently  increase  the 
motions  in  the  directions  of  the  poles  of  the  universe. 

On  the  other  hand  in  the  case  of  the  younger  stars, 
whose  proper-motions  are  relatively  smaller,  the  force  of 
general  polarity  has  had  comparatively  little  time  during 
which  to  divert  the  purely  random  initial  motion.  There- 
fore the  effect  of  preferential  motion  might  not  lie  shown 
to  any  appreciable  extent  by  the  earliest  stars,  i.e.  those 
with  small  proper-motions.  This  is  a  way  of  explain- 
iiiir  the  actual  state  of  affairs  shown  by  the  investigations 
of  Dysox,  and  the  more  recent  investigations  at  the 
Dudley  Observatory. 

Xow  to  revert  to  my  original  investigation,  it  hardly 
seems  probable  that  such  streams  as  the  Taurus  stream, 
the  Ursa  Major  stream  and  the  one  under  consideration 
in  this  investigation,  all  three,  originated  from  the  same 
nebula.  Their  distances  apart  are  too  great.  I  therefore 
account  for  them  in  this  way:  They  probably  represent 
stars  originating  at  approximately  the  same  time,  but  in 
different  nebulae,  with  motions  approximately  in  the 
same  direction.  Under  the  force  of  polarity  these  stars 
will  be  drawn  into  essentially  parallel  paths.  If  we 
represent  the  accelerating  force  due  to  polarity  by  a,  con- 
sidering this  force  to  be  essentially  constant  for  the  mem- 
bers of  a  stream,  we  have  for  the  ■velocity  of  the  star  at 
any  time,  t,  the  expression 

v  =  at  +  vt 
where  »„  represents  the  initial  velocity  of  the  star.     It  is 
seen  then  that  the  velocities  of  the  individual  members  of 
a  stream  of  stars  will  onlv  differ  by  the  amount  of  difference 


of  their  initial  velocities.  As  the  initial  velocities  of  the 
stars  have  by  observation  been  found  to  be  comparatively 
small,  their  differences  will  be  small.  Therefore  we  would 
expect  to  find  comparatively  slight  relative  differences 
between  the  velocities  of  stars  forming  a  star  stream,  and 
the  ratio  between  the  velocities  of  any  two  stars  of  the 
stream  will  decrease  with  the  age  of  the  stars. 

Also  we  would  not  expect  to  find  true  parallelism  of 
motion  in  the  group,  seeing  that  the  initial  velocities 
might  differ  considerably  from  parallelism. 

The  motion  of  such  a  group  being  the  resultant  of 
initial  velocity  of  the  stars  and  the  force  of  polarity,  might 
be  directed  toward  any  portion  of  the  sky,  but  as  the 
force  of  polarity  will  eventually  accelerate  those  motions 
in  the  directions  of  the  vertices,  we  would  expect  to  find 
the  majority  of  such  streams  moving  in  the  general 
direction  of  the  vertices. 

The  idea  of  the  existence  of  electromagnetic  forces 
among  the  stars  should  not  seem  wholly  gratuitous  nor 
debarred  from  consideration  on  account  of  the  magni- 
tude of  space  in  which  it  is  supposed  to  act.  We  have  the 
case  of  our  own  earth  showing  a  decided  magnetic  influence. 
Passing  to  the  Sun,  Professor  Hale  has  recently  demon- 
strated that  electromagnetic  fields  exist  in  the  sun-spots. 
The  corona  very  probably  results  from  some  such  force. 
Then  there  is  the  evident  repulsive  force  exerted  by  the 
Sun  on  a  comet's  tail,  attributable  to  some  form  of  electro- 
magnetic action,  whether  pressure  of  light,  or  otherwise. 
It  is  certain  that  there  is  a  connection  between  sun-spot 
activity  and  magnetic  storms  on  the  earth,  and  as  electro- 
magnetic fields  exist  in  the  sun-spot,  the  connection 
should  be  obvious.  Also,  the  aurora  frequently  follows  a 
violent  disturbance  on  the  Sun.  The  nature  of  the  electro- 
magnetic theory  of  light,  too,  strengthens  the  hypotheses 
advanced.  And  finally  it  is  significant  that  the  equation 
of  the  force  between  two  electrified  bodies  is  precisely 
analogous  to  that  which  expresses  the  law  of  gravitation 
between  two  particles  of  matter  in  space,  and  the  formula 
for  the  attraction  or  repulsion  between  two  magnetic 
poles. 


XOTE   OX   i2£7CASSIOPEIAE   AXD   BD   +  63°U9, 


By  P.  S. 

The  notes  by  Guthnick  in  A.N.  4516  and  4519  offer 
what  appears  to  be  the  most  probable  explanation  of  the 
apparent  contradictions  in  the  results  of  the  various  ob- 
servers who  have  occupied  themselves  with  this  star. 

On  seeing  the  first-mentioned  paper,  I  set  about  an 
examination  of  my  observations  made  in  the  years  1904 
to  1907,  which  number  about  three  hundred  and  fifty. 
From  these  I  had  deduced  twelve  minima,  eleven  in  the 
years  1904  and  1905,  and  one,  a  single-curve  minimum, 


YENDELL. 
on  1903  Feb.  23.     Of  the  other  eleven,  five  were  obtained 
from  the  single  curves,  and  six  by  the  use  of  my  mean 
light-curve  (A.J.  572). 

Using  as  principal  epoch  the  first  and  best-determined 
of  my  single-curve  dates  of  minimum.  1905  Jan.  26.400, 
Boston  M.T..  with  a  period  of  0.99736d,  I  proceeded  to 
assemble  the  three  years'  observations  in  a  preliminary 
mean  light-curve.  This  curve  shows  a  well-defined 
minimum  of  the  Algol  type,  with  a  decrease  occupying 
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about  three  hours  and  an  increase  of  slightly  longer  dura- 
tion. From  four  hours  to  eleven  hours  after  the  minimum, 
there  are  only  a  few  scattered  observations,  the  star  having 
been  at  this  part  of  its  period  low  in  the  north  at  the  usual 
time  available  to  me  for  observation.  A  well-defined 
secondary  minimum,  somewhat  brighter  than  the  principal 
one.  occurs  at  about  twelve  hours:  only  about  an  hour  of 
the  decrease  is  shown,  but  the  increase  is  very  well  made 
out.  the  normal  light  being  reached  at  about  fifteen  hours. 
showing  I'm'  duration  of  the  increase  to  lie  about  three 
hours.  From  fifteen  hours  until  twenty-one  hours  the 
light  is  fairly  constant,  showing  a  mean  normal  of  5M.66. 
At  twenty-one  hours  the  decrease  appears  to  begin.  No 
sensible  correction  to  the  principal  epoch  is  indicated  by 
this  curve. 

The  light  at  the  principal  minimum  is  shown  as  5M.94 
fPotsdam  photometric  magnitudes  are  used  throughout), 
showing  a  mean  light-range  of  0M.28. 

The  secondary  minimum  light  shown  is  5M.88. 

The  mean  light-range  indicated  is  0*.28;  the  real  range 
is  probably  somewhat  greater  than  this,  as  the  star  is 
difficult  of  observation,  and  the  observational  errors  are 
Dorchester,   \Iass.,  U.S.A.,  I'M  I  September  23. 


probably  correspondingly  sensible.  The  extreme  ob- 
served range  is  0".48,  from  5U.48  to  5M.96. 

The  light-curve  shown  is  distinctly  of  the  Algol  type, 
either  subdivided  or,  as  I  have  assumed,  with  a  secondary 
minimum  halfway  of  its  period. 

Dr.  Guthnick,  in  his  paper  in  A.N.  4519,  announces 
the  variability  of    BD  +  63°  149. 

This  star  has  been  my  principal  comparison-star,  and 
designated  in  my  notes  by  the  letter  a :  on  examining  the 
intervals  shown  by  my  light-scale  (formed  from  the  whole 
mass  of  my  observations)  between  this  star  and  the  stars 
d  (  =  BD  +  63°  99)  and  c  (  =  BD  +  65°  115),  I  find  the 
interval  da,  which  depends  upon  94  comparisons,  to  be 
3.08  steps,  with  an  average  departure  from  the  mean  of 
0.4  step,  and  the  probable  error  of  the  mean  is  0.046  step. 
The  interval  ac,  from  135  comparison-;,  is  4.33  steps,  shows 
an  average  departure  from  the  mean  of  0.5  step,  and  a 
piobable  error  of  the  mean  of  0.049  step. 

While  not  of  necessity  disproving  the  variability  of  the 
star,  these  data  seem  to  confine  it  to  the  Algol  type,  and 
go  to  show  the  probable  constancy  of  its  light  while  in  use 
as  a  comparison-star  in  these  observations 
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By  H.  C.  WILSON. 
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OBSEKVATIONS   OF   FAYE'S   PERIODIC   COMET, 

NUDE  WITH  THE  12-INCH  REFRACTOR  OF  THE  ARGENTINE  NATIONAL  OBSERVATORY,  CORDOBA, 

By  E.  CHAUDET. 
[Communicated  by  C.  D.  Perrine]. 
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I  50  0.8 

+  4  41  23.5 

+  4  32  10.9 

+  4  24  4.9 

M     7  57.9 

+  4     7  55.1 


9.6100 
8.1652n 


8.9412ti 


9.28757! 

7.9911 

8.9780n 

9.3926 

9.4170 

9.2377 


r  ::  48  22.6 

t  3  43     9.7 

+3  38     2.8 

+3  32  49.7 


9.1436 

8.9334n 

9.4319 


0.6904n 

+  3.30 

3.31 

0.7134n 

3.31 

0.7141» 

0.70S6w 

3.31 

0.7111n 

3.32 

0.7087w 

3.32 

0.7009h 

3.33 

0.7001n 

3.33 

3.35 

0.6969/1 

3.36 

0.7020n 

3.35 

0.7014/) 

0.6942n 

3.36 

+  16.0 


15.9 

16.0 
15.9 
15.8 
15.7 
15.5 
15.5 

15.3 

15.2 

15.1 

15.0 


Mean  Places  for  1910.0  of  the  Comparison  Stars. 


* 

a 

S 

Authority 

* 

a 

8 

Authority 

1 

2 
3 
4 

b      m      8 

3  37  52.50 
3  36  35.44 
3  35  42.84 
3  36  33.39 

+5°  11  2o'.0 
4  45  22.1 
4  50     7.3 
4  20  36.9 

A.G.  Leipzig 
A.G.  Albany 

U                    it 

1363 
1078 
1066 

1077 

5 
6 

7 
8 

bras 

3  36     3.09 
3  36     4.62 
3  36  26.40 
3  36  18,54 

o         /            It 

+  4     2  52.8 
4     1  36.6 
3  53  46.9 
3  25     5.2 

A.G.  Albany           1068 
1069 
1075 
1073 

NOTES 


1910 

Nov.  27 


28 


^  about  10th  magnitude  with  nucleus  of  11th  magni- 
tude. Bisections  difficult,  @Z  only  visible  in  an 
almost  dark  field. 

(y/  invisible  in  an  illuminated  field,  bisections  con- 
sequently very  difficult.  Sky  good  at  the  beginning, 
but    when  making  the  last  observation  it  clouded 


1910 

Nov.  29 
Dec.    2 


Sky  good.     @?  very  faint. 

Completely  cloudy  until  11  p.m.  but  it  cleared  up  suffi- 
ciently to  make  a  fair  observation. 

Skv  cloudy  before  midnight.  Moonlight  interferes  a 
little. 


SELF-LUMINOUS   NIGHT   HAZE, 

By  E.  A.  FATH. 


Under  the  above  heading*  Professor  Barnard  has 
recently  called  attention  to  a  phenomenon  which  he  has 
observed  during  the  last  two  years  at  the  Yerkes  Observa- 
tory.    He  says: 

"This  consists  usually  of  long  strips  of  diffused  luminous 
haze.  I  believe  that  this  is  really  ordinary  haze,  which 
for  some  reason  becomes  self-luminous.     It  is  not  confined 

*  Proceedings  Amer.  Phil.  Soc,  Vol.  L,  No.  199,  p.  246. 


to  any  particular  region  of  the  ski  nor  to  any  hour  of  the 
night.  It  always  has  a  slow  drifting  motion  among  the 
stars.  This  motion  is  comparable  with  that  of  the 
ordinary  hazy  streaky  clouds  that  are  often  seen  in  the 
day-time.  They  are  usually  straight  and  diffused  and  as 
much  as  50°  or  more  in  length  and  3°  or  4°  or  more  in 
width.  In  some  cases  they  are  as  bright,  or  nearly  as 
bright,  as  the  average  portions  of  the  .Milky  Way  —  that 
is,  they  are  decidedly  noticeable  when  one's  attention  is 
called  to  them." 
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On  the  night  of  July  27th  of  this  year,  while  observing 
with  the  60-inch  reflector,  I  noted  a  phenomenon  some- 
what similar  to  that  described  by  Professor  Barnard, 
although  it  differed  in  a  number  of  ways.  At  14'1  on  that 
night  there  was  seen  a  small  luminous  cloud  measuring 
about  2°  vertically  by  5°  horizontally  just  above  the 
horizon  in  the  north-west  and  58°  west  of  the  north  point. 
The  light  might  be  described  as  pearly  wdiite.  The  bright- 
ness was  about  that  of  the  brightest  portion  of  the  Milky 
Way  in  Cygnus.  In  about  3  minutes  it  had  faded  almost 
to  invisibility  but  soon  brightened  up  again  to  its  original 
intensity.  At  HMO'"  the  light  gradually  disappeared. 
approximately  one  minute  being  consumed  in  the  decline. 
Then  it  could  be  seen  that  just  where  the  luminous  cloud 
had  been  there  lay  a  portion  of  a  long  narrow  dark  cloud 
close  to  the  horizon  and  extending  almost  to  the  north 
point.  In  the  north  ami  north-west  there  were  visible  a 
few  other  narrow  horizontal  strips  of  dark  cloud,  none 
having  an  altitude  greater  than  15°.  During  the  ten 
-1//.  Wilson  Solar  Observatory,  October,  1911. 


minutes  the  cloud  was  under  observation  it  did  not  move 
appreciably.  It  appeared  just  to  the  north  of  a  prominent 
peak  and  just  above  the  horizon  so  that  a  motion  of  2° 
would  certainly  have  been  detected. 

The  cloud  as  observed  seems  to  have  had  some  of  the 
characteristics  of  the  luminous  night  haze  and  also  those 
of  the  luminous  clouds  described  by  Professor  Barnard 
in  his  article  on  Aurorae  in  the  Astroph  i/sical  Journal  for 
April,  1910.  While  it  may  have  been  strictly  of  an  auroral 
nature  yet  its  obvious  connection  with  the  dark  cloud 
brings  it  more  into  the  category  of  the  self-luminous  night 
haze. 

The  observations  taken  are  by  no  means  as  complete  as 
they  should  be.  The  writer  was  taking  a  direct  photo- 
graph of  a  certain  region  of  the  sky  and  consequently  it 
was  necessary  to  keep  the  eye  at  the  guiding  eye-piece  of 
the  telescope  the  greater  part  of  the  time.  The  cloud  was 
seen  through  the  slit  of  the  dome  from  the  observing  plat- 
form. 


OBSERVATIONS   OF   COMET   1911    c    {brooks), 

MADE    Willi    THE    10J-INCH    EQUATORIAL   AT   THE    OBSERVATORY    OF    THE    UNIVERSITY    OF    MINNESOTA, 

By    F.  P.  LEAVENWORTH. 


191  1  Minneapolis  M.T. 

* 

No.  of 
Comp. 

j« 

J.) 

log  p  A 

Red.  to  App. 
Place 

a        |       d 

d      h      in     s 
July  23   12  31  53 

1 

6,6 

in      s 

-  0     9.03 

II 

+  2       7.7 

h      in      s 

22  11   18.15 

+  22   40  -VII 

9.263m 

(i.-,  hi 

(-2.09    +3.0 

26   11  25  47 

•> 

6  .  3 

+  1     5.15 

+  1     36.1 

22     s  21.66 

24  22    17.0 

9.437m 

0.554 

2.17       3.4 

28   11  53  58 

3 

8,  1 

-  1   55.  13 

-0      26.4 

22     5  50.40 

25  35   L6.9 

9.324n 

0.504 

2.10       3.7 

Aug.    1    11   55    12 

4 

4,4 

-0     4.55 

+  1     31.1 

22     0    15.07 

28     0  20.5 

0.238/1 

0.435 

2.25       4.2 

14  11  3!)  :;i 

5 

8,4 

+  0   17.51 

+ 1     46.3 

21  28  29.80 

+  38     2     6.6 

8.63  '>" 

0.018 

+  2.42    +6.9 

Mean  Place*  of  Comparison-Stars  for  the  beginning  of  the  y< ar. 


* 

a 

5                                 Authority 

* 

a 

S                                 Authority 

1 

2 
3 

li        m       s 

22   11  25.09 
22     7   14.34 
22     7  52.64 

+  22  38  48*4  1  B.I).  +22°  4593  Abb.  1 

24  20  38.4)  B.D.  +24   4546  Abb.  1 

25  35  39.6  1  A.G.Oamb.  13267 

4 
5 

h       m       B 

22     0   18.27 
21    28     9.87 

+  28°    7  45°2 
+  38     0   13.4 

AC.  Camb.  13151 
A.G.  Lund  10181 

Minneapolis,  Minn. 
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LIBRATION    AND   THE   ASTEROIDS, 

By    PERC1VAL    LOWELL. 


1.     In  a  late  issue  of  the  Astronomical  Journal  libr&tion    last  are  multiplied  by  m'3.     Taking  the  mass  of  the  sun 


was  adduced  as  a  possible  cause  of  the  positioning  of  the 
planetary  orbits  as  against  a  permanent  displacement. 
The  analytics  quoted  were  substantially  those  of  Laplace 
and  Tisserand.  That  libration,  however,  is  not  a  factor 
in  the  positional  ordering  of  the  planets  is  most  clearly 
evidenced  by  the  belt  of  asteroids.  In  a  recent  paper  I 
have  discussed  the  subject  and  shown  that  for  the  gaps 
n  =  2n'  and  n  =  3«'  none  of  the  asteroids  are  libra- 
tional  and  consequently  that  that  action  cannot  be  the 
cause  of  the  gaps;  furthermore,  that  when  more  carefully 
considered.  Tisseeand's  criterion  for  libration  proves  to 
be  invalid. 

2.  In  the  present  paper  I  shall  consider  the  gap  2n  =  3n' 
of  which  it  has  been  stated*  that  three  out  of  its  four 
asteroids  are  subject  to  a  marked  libration.  This  result. 
too,  was  got  by  following  Tisseband's  criterion. 

3.  To  make  the  problem  clear,  we  will  begin  by  review- 
ing that  criterion.  When  the  periods  of  two  orbits  are 
nearly  commensurable  the  important  terms  in  R  are  the 
secular  ones  and  the  terms  involving  the  argument  0  of 
the  near  commensurability.     In  the  present  case 


as  unity,  m' 


1 


1047.35' 


Consequently   all  these  terms 


may    be    neglected    in    comparison    with    the    first  which 
involves  onlv  »>'. 


Thus 
Now 
and 
whence 


dt' 
dn 
dt 
dR 
d* 

d*e 
dt1 


.dn 


very  approx. 


dt 
3_  dR 

a"  dt 

^  (66'3'  +  6,'81)  sin  0 


a' 
Qk'2m'c 


(6&<31  +  V3')  sin  B 


e 


whence  R0,\ 


=  2nt  +  2c  - 
secular  terms 


Zn't  -  3e'  +  as 

khn'e 


multiplying   both   sides   by  2d0    and   integrating  we  gel 
^Y    =  I2n*um'e  (6b(3>  +  b^)  (cos  6  +  c) 

since  &2  =  n2a3,  and  «  =  — ,  • 

a 

For    libration    the    limiting    value    of    c   is  ±  1,    and 

e 


2a' 


HW1" 


cos 


the  unaccented  letters  referring  to  the  asteroid;  the 
accented  to  Jupiter,  while  the  b's  have  Leverrier's 
signification. 

Differentiating  6  twice  with  regard  to  the  time  we  get 


'Is 


whence 

d0  = 

dt  = 


1  +  cos   0,2  sin2  -  =  1 


cos  6 


±   |    V2nimn'e  (66(3)  +  W3))  V2cos-or  sin-      (1) 


d*d 
dt1 


9dn         dS  _  „rfn'  _     rfV      d*m 

-  dt  +"  dt2         dt  df       dt2 


but      -r  =  2n 
dt 


3n'  + 2 -=-  +  -=- 
dt       dt 


(2) 


Of  the  terms  in  the  second  member  those  involving  the 
accents  are  multiplied  by  m  and  in2  ,  m  being  the  mass  of 
the  asteroid  which  is  insignificant,  while  the  second  and 

*  See  paper  by  Dr.  Kurt  Laves  in  the  YerkesOby.  Pub.  Vol.11. 


Neglecting  the  last  two  terms  of  the  second  member 
of  (2),  and  subscripting  6  and  n  to  denote  the  epoch  of 
osculation,  we  get  Tisserand's  criterion. 

4.     Analytically,    as    I    have    shown    elsewhere,    this 

criterion,  elegantly  put  as  it  is,  makes  the  capital  omission 
dm 


-J:      which    is    anything    but     negligible  — 
dt 


of   ignoring 

and  also  omits  all  the  other  6  terms 


(41) 
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5.  Geometrically  the  fallacy  may  he  said  to  lie  in 
likening  the  libratory  motion  to  a  simple  pendulum  swing, 
to  which  it  bears  really  no  resemblance.  For  the  force 
acting  on  the  pendulum  emanates  approximately  always 
from  the  same  direction;  that  acting  on  the  asteroid  boxes 
the  compass.  What,  therefore,  may  be  inferred  from  a 
given  6  in  the  former  case  may  not  be  imputed  to  the 
latter. 

6.  A  criterion  which  avoids  this  pit-fall  may  be  ob- 
tained as  follows:  Whatever  the  mode  of  oscillation,  if 
the  motion  be  oscillatory  at  all,  there  is  some  angle  at 

which    -j:    becomes   zero:    changing  there  from   plus  to 

at  °    °  '      ' 

minus.     At  this  point  we  have,  taking  all  the  terms  in- 
volving 6  into  account 


including  all  the  multiples  of   6  and  their  various  com- 
binations with  m  —  m'    and  its  multiples. 
But  we  have  also  at  this  point: 


*_*-W  +  s*  +  *_o 


(4) 


3? 
dt 


involving  m  and  being,  therefore,  negligible. 
Whence 


2n-3n'=  -2^--^ 

libration  not  occuring  if 
2n  -  3m'  > 


is     the     critical     equation; 


ldt 


dt 


(5) 


(3) 


d6 
dt 


=  ±  Jcyj  sin  6.dB  +  c,  fsm[6-(m  -  in')]  d&  +  (c3  j  sin  26. d&  etc.)  =  0 


Upon  the  value  of  6  at  this  turning-point  depends  the 
amplitude  of  the  swing.  The  larger  the  second  member, 
the  greater  the  chance  of  libration.  Therefore  the  maxi- 
mum value  it  can  attain  limits  the  possibility  of  libration. 

7.     The    complete    expression    for     -j-  ,    including    all 

terms  of  the  second  order  in  the  eccentricities  ami  all  the 
significant  ones  in  the  third,  is: 

j=nmn'{  b1''-r)1a(c1w  +  cw)  +  l(el+e'*)(blm+2bim+ibsm) 
(       -(2&2(1'  +  i&s(1')  ee'  cos  (gt-bj') 

+  e  (76,131  +  b.:3')  cos  6 

-  e'  (6W*>  +  fe,<2))  cos  [6  -  (w  -  m')] 

-  %  (68b!""  +  1262'6'  +  iWe))  cos  26 


ee' 


COS  [26-  (B-8J')] 


-  —  «>3/V41  +  1262w  +  lb-,!4')  cos  [26-2  (os-as')] 


etc. 


etc. 


ee'- 
+  — r-  etc. 
4 


4     —  4 

It  will  be  noticed  that  the  signs  in  the  terms  alternate 
according  to  powers  of  e.  Each  multiple  of  6  with  its 
combination  terms  thus  introduces  a  correction,  in  gener- 
al, opposite  to  what  went  before,  though  somewhat  affected 
by  the  signs  of  the  cosines  multiplying  it. 

The  above  are  the  terms  depending  upon    -7-   in  the 

rfe  2   dR       ,    e    dR 

expression     -,-  =  -         -7 — h  A- — 5-5—     etc. 
dt  na  da        '  na    de 

dR 


Those  depending  on  -7-  cancel  with  terms  in 


dt 


„      „      dm  .        dm         1    dR      ,    e  dR 

8.  rov  -7-   we  have,  since  7-  =  — =--= 4 — 17-  etc. 

dt  dt       na'e  de      '  na   de 

dm  =  ««»'|  {hr  +  ib,nt)+  i'[(6(o,_a)  _  (M»-a)-W»] 

cos  (m  —  at') 

(66(3)  +  6/3')  . 

— cos  6 

e 

+  fe  (mbCi>  +  %^  -  462':"  -  hbj3')  cos  6 

+  U'  ( -  806(-'  -  46/21  +  962('2'  +  b3,2))  cos  [6-(m-  m')] 

+  (576,i;'  +  UW"  +  i_b^y)  cos  26 

-  .^-(1106,5,  +  2261|5,  +  V51)  cos[20-(w-m')] 

-  \e  (6066l9)+  123&,W  +  8WW  +  \b^y)  cos  36 

+  W  (18366IS,  +  37861,8,  +  V^(8>  +  W8')  cos  [30- (as -a/)] 

e'2  773 

-\-  (lstl//7'  +  ^61(7'  +  2562l7,  +  ^3lT')cos[3e-2(oj-!n')] 

e'2  <  ""' 

Three   terms   in    \  —  .  -  At' ,  and  -  \         respectively 

have    been    omitted    from    the    list    because    calculation 
showed  them  to  be  insignificant.     Those  depending  on 

—  4  — 5  -7-  in  ~r  are  not  given  because  they  cancel  with 
■  na    de        dt 

those  depending  on      +  i  — ,  -5-   in    77     as   mentioned 

■  mr    di  dt 

above.     This  is  true,  however,  only  when  we  are  adding 

7-  ami  -rr  ■      In  the  case  of  2n  =  3m'  we  must  take  them 
dt  dt 

dt  ,      ... 

into  account  111      -,       since  there  we  are  concerned   with 
dt 

di      dm 

'~7t+di' 

9.  They    are    easily    obtained    from    what    preci 

dt 

These  additional  terms  in     -   are  : 

ill 
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=  nanL    ,  e_  ^m  +  ^  _  ^  [(J)W_a)_  (6l<»_„)  _^u>] 

COS  (US  —  ID') 

(66  3  +  b, ' 


ee' 


cos   6 


(110bl5>  +  22b,'6'  +  b2'51)  cos  [26  -  (ns  -  as')] 


-  fe8  (606b*  +  123b/9'  +  8b2(91  +  ^3'9')  cos  36 

+  JeV  ( 1836b'81  +  378b,'8'  +  V  W8)  +  iW8))  cos  [36  -  (as  -  as')] 

plus  terms  smaller  still.  Those  given  indeed  are  negli- 
gible; the  largest  of  them,  the  first  periodic  term,  having 
a  value  of  only  ".05  at  its  maximum  in  the  case  of  (153). 

10.     Now   for  positive  values  of   6  ,    —     is   negative, 
and  as  it  is  numerically  much  larger  than  —  •  it  dominates 


a  =  .76315 
6'°'=    2.465 

W0>  =     1.529 

b2'0)  =  6.165 
W0)  =  40.42 

b(5)  =^,1.876 
VS,  =  M.161 
6,(6)=1  7.026 
b3w  =  48.02 


of  the  b's 

for  2n  =  3n 

' 

6  ' 

= 

1.040 

6  '■■'  = 

.6174 

ba)- 

-«  = 

_'77 

b,'1' 

= 

2.004 

b/2*  = 

1.880 

V1*- 

-«  = 

1.241 

W" 

= 

6.074 

/,,"-''  = 

6.696 

b3a) 

= 

40.81 

b3(a>  = 

41.35 

&«> 

= 

.1321 

bm  = 

.0941 

6,(6) 

= 

.953 

6,m  = 

.774 

&,»' 

= 

6.643 

w«  = 

6.121 

6,(6) 

49.54 

Table 

50.09 
II. 

the  right  side  of  the  inequality.  It  is  a  negative  maxi- 
mum when  6  =  0°.  This  is  at  once  evident  if  the  function 
consisted  of  6,  26,  36  etc.  only.  For  its  differential  put 
equal  to  zero  gives 

0  =  a,  sin  0  +  2a2  sin  20  etc. 

which  necessitates   0  =  0°. 

1 1 .  But  it  is  also  true  when  the  terms  involving  as  —  m' 
are  considered  too.  For  on  examination  it  will  be  seen 
that  the  terms  in  the  series    cos   0 ,  cos  [0  —  (m  —  a;')] 

cos  20  ,  cos  [20  -  (as  -  as')]  etc. 

always  alternate  in  signs  in  themselves  and  between  each 
other.  In  consequence  the  several  series  converge  in  a 
manner  to  make  their  negative  sum  greatest  when  6  =  0 
and  cos    6=1. 

Its  maximum  positive  value  is  when  6  =  180°  and 
cos   6  =  —  1. 

Table  I. 

n  being  the  mean  daily  motion  of  the  Asteroid 
n' ,  that  of  Jupiler 


&«>  = 

.4005 

b  (4'  =       .2708 

V3'  = 

1.647 

hw  =     1.397 

b,'31  = 
W3)  = 

7.111 
43.24 

b„'4'  =     7.209 
b}4)  =  45.73 

b(8>  = 

v  = 

62(8)  = 

br  = 

.0676 
.625 
5.534 
49.60 

b  <0)  =       .0488 
/»,"■'=       .501 
W9)  =     4.9  approx. 
b,'9  =  49.    approx. 

Terms  in  R  (the  important   ones) 
for  2n=3n' 


k2m'    ( 
R=   2^L  |e(_  66'3'-  b/3')  cos  6 


-  (66ft'8'  +  9b,'31  -  4b2'3'  -  Ab3<3')  cos  6 

e'  (5b""  +  b,'21)  cos  [6  -  (as  -  »')] 

^  (-  80b'2'  -  4b,'2'  +  9b,'2'  +  b3<2')  cos  [6  -  (as  -  as')] 


|~(576'6'  +  lib,'61  +  W)  cos  26 


ee' 


(-  110b'5'  -  22b,'5'  -  b2'5')  cos  [26  -  (as  -  as')] 


—  (52b<4'  +  lib,'4'  +  \  b3w)  cos  [26  -  2  (in  -  as')] 
j(-  606b'3   -  123b;8'  -  8b219'  -  ib/JI)  cos  36 


(1836b'8'  +  378b,'81  +  Vb2'-'    -    !■'< ■' )  cos  [36  -  (as  -  as')] 


!j!(_18416m_Z736im 


256, 


lb.'7  i  cos  [36  -  2(as  -  ns')] 
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Incidentally  we  may  note  that  in  consequence  libration 

can  occur  only  round  0  =  0°  when   2/*  —  3n'   is  positive: 

and  only  round    0  =  1S0°    when  2n  -  3ra'    is  negative, 

2dt      (/a;   .  .  .      .      ,      .  , 

since -j- —  ^-   is  positive  in  the  first   case  and   nega- 

al        (It 

five  in  the  second. 

12.  Let  us  now  apply  this  criterion  to  the  asteroids 
circling  near  the  gap    2n  =  3n'. 

The  elements  of  the  asteroids  which  are  important  to 
us  are  here  tabulated  from  the  last  Jahrbtich,th&\  for  1913, 
and  calculated  for   as  —  m'  and   0. 


>H 


2m  — 3n' 


.54 


secular  terms 


dm 
14.     For   -j-  we  find  similarly,  including  30  terms,  bv 

lit 


actual  computation 
dm 

It    =      '6 

3.25 

+  1.55 

.12 


(153  44'.i  .4ti  1".53  9°19'  2S2°34'  269°41'  43°12' 

(361  4-31  .14  4  ,S9  1132  95  21  82  33  305  53 

(190  453.6H  9.99  9  38  103  45  90  53  345  22 

(499)  457  .62  17  .85  13  35  92  37  79  52 

(334  458.62  19.85  0  55  14  4S  1  5s  330  33 

For  499  fy  has  not  been  calculated  as  it  was  found 
unnecessary.  Indeed  it  will  presently  appear  that  cal- 
culation for  the  first  asteroid  (153)  is  sufficient. 

Following  are  the  tallies  of  the  b's  and  of  the  important 
terms  in  R. 

13.     Taking    (153      as    the    asteroid    most    perilously 

ch  d® 

exposed  to  libration.  we  shall  calculate  —   ami     ,    •    first, 

dt  dt 

for  the  present  value  of  0  and  second,  for  the  greatest 

value  cos  0  can  have,  to  wit  when    0  =  0°. 

On  the  first  supposition 

(h 

Jt  ~~ 

-  .92  periodic  terms  in  0  etc. 

-  .42  periodic  terms  in  20  etc. 

To  evaluate  the  terms  due  to  higher  multiples  of  0  we 
shall  make  use  of  the  following  device.     From    inspection 

of  the  terms  of  R  which  enter  into     -r-  and  ~r    it  is  ap- 

dt  at 

parent  that  they  alternate  in  sign  according  to  powers  of 

e  and  therefore  according  to  multiples  of  6.     If  the  rate 

at  which  the  terms  decreased  were  constant    we  should 

have  a  series  such  as 


c  (1  —  x 


x*  etc) 


The  rate  not  being  constant  our  sum  will  differ  from 
the  true  but,  except  in  doubtful  cases,  will  prove  a  suffi- 
cient approximation  for  our  purpose. 

Now  the  sum  of  this  series 

c  (1  -  x  -  .r-  -  xs  etc.)  =c 


l  +  x 


In  the  present  case    x  =  }  approx.  which  gives  tor  the 


.sum  of  the  periodic  terms  92 


1 


1  + 


64 


and  for 


%  ■  ■'» 


secular  terms 


periodic  terms  in  0  .  6  —  (ts  —  &')  etc. 
periodic  terms  in  20  etc. 
periodic  terms  in  30  etc. 

In  this  case  the  rate  though  always  decreasing  seems 
very  variable.  This  is  because  0  =  43°12'  and  its 
multiples  in  consequence  when  combined  with  m  —  <s' 
which  is  269°  41'  .  sometimes  are  near  90°  and  some- 
times 180°  ,  their  respective  cosines  being  nearly  at 
minimum  and  maximum.  If  we  take  as  a  probable  rate 
for  .c .  that  of  the  first  two  terms,  we  get  for  the 
sum  of  the  periodic  terms 

1 


giving     Tt 


3".2S 


l".45 


1  +^5 

3.25 


21 


Whence  for  the  actual  0  we  finallv  obtain 


_2* 


dl 


V  =  r.25 


but  2nx-  3n'  -  1".54. 

Therefore  at  the  present  time 


3n'  > 


_2* 

~  dt 


ds: 

dl' 


15.     Turning  now  to  the  second  case,  thai  of  the  grea 
value    cos  0    can  have  to  wit  when    0  =  0°  ,    we  find  by 
actual  computation 


dt 


.54 


secular  terms 


periodic  terms  in  6 
In  periodic  terms  in  20 

Whence  proceeding  as  before  the  sum  of  the  periodic 

1     \        „-.  ,      d« 

- —     =    .  1 1      and      37 

1+,*  dt 


terms 


.99 


i: 


16.     Similarly  for 


dss 
Jt 


6 


rfnj 

-r   we  get  by  computation 

dt 


secular  terms 


L26  periodic  terms  in  6  etc. 

3.  It'        periodic  terms  in  20  etc. 

—  2.37         periodic  terms  in  38  etc. 

For  x  we  may  take  the  ratio  between  the  first  two  terms 
which  is  .82, or  better,  the  square  root  of  the  ratio  between 
the  first  and  third  which  gives  x  =  .75.  If  we  take  the 
second  we  get  for  the  sum  of  the  periodic  terms  2 ".43 
Had  we  taken  the  first  we  should  have  found  2". 34  which 
shows  how  little  the  modulus  affects  the  result. 
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For  ~r  we  thus  get  using  2".43 
dt 


dm 

7/ 

=  -  1 

.67 

and  for 

- 

dm 
~   Jt 

=  + 

1  .:;. 

Therefore 

in 

this 

case 

too 

2n 

-  3 

ft'  >  - 

dt 

dm 

~  dt 

We  shall  see  presently  (see  Table  111  below)  that  these 
results  are  confirmed  by  the  values  of  0  got  directly  from 
the  elements  for  1909  and  1911. 

17.     Libration,    therefore,    is    not    possible    for    (153 
-4  fortiori  is  it  not  possible  for  any  of  the  other  asteroids 

do   not    differ 


in  the  gap. 


For  the  values  of  -r-  and  -j- 

dt  dt 


Furthermore  if  2n  —  3n'  changes  sign,  in  consequence 
of  n's  passing  to  the  other  side  of  commensurability,  the 
action  ceases  to  be  libratory  because  the  cosine  of  6  does 
not  change  sign  with  9,  supposing  that  0  should  pass 
through  zero;    o  fortiori  if  it  does  not. 

19.     Although  libration  cannot  occur  if 

2nl-3n>>-2jrw 

it  by  no  means  follows  that  it  will  take  place  if    '2n  —  3n' 


< 


dd 


spite  of  the  change  in  sign  of  -=- 


greatly  for  them  except  in  the  case  of    -'>:!4     and  there 

dm 

37  though  increased  is  confronted  by  a  value  of  2«  —  '.in' 
dt 

greater  still. 

18.     From  the  equation 

d6 

dt 

and  the  fact  that  cosines  of  6  and  its  multiples  enter  into 

never   be    zero    and 
the  action,  therefore,  not  be  libratory.  unless    2n  —  3ft' 

0. 


de      dm 
Jt~H' 

So  much  is  evident  at  once  from  inspection  of  the  follow- 
ing table  in  which  are  given  the  elements  involved  of  (153 
together  with  those  of  Jupiter  and  also  the  resulting  0 
and  the  resulting  2rij  -  3n',  which  have  been  calculated 
from  them.  This  table  III  furnishes  of  itself  direct  proof 
that  the  action  in  this  case  is  not  librational  and  thus  that 
the  hitherto  received  criterion   for  libration   is  incorrect. 

d6 


It  will  also   be  noticed  that 


dt 


change  sign  in  1887- 


2n 


„  ,       ^dc      dm 

S"~2dt^« 


dt        ,  dm  .     .         . ,  ,        d6 

y-  and  —r  it  is  evident  that  -r,  can 

dt  dt  dt 


is  always  less  than  the  value  of  2-n  -    —  when  0 


dt       dt 


LS88  passing  through  zero  in  accordance  with  the  criterion 

,  rfe      dm  . 

2wi_3n    =_2_--, 

and  changed  back  again  similarly  in  1888-1889.  Never- 
theless the  motion  of  0  was  not  librational  in  the  technical 
sense,  but  simply  wobbled  in  its  general  progression. 

20.     The  direct  reason  for  this  lies  in  the  fact  that  n 
swings  back  and  forth  in  value  in  a  variable  but  short 

iU       dm 
period  due  to  t  he  ensemble  of  terms  in  R;  and  —   -r —  -jr 

df) 

being  always  small,  the  sign  of    -r    depends    upon   the 


Table  III. 

Epoch 

of  Osculation 

;' 

(153)  Hilda 
m 

"i 
daily  rate 

2m.,—  3h' 

C 

1880  May  8 

234=31' 

1°  6' 

285°47' 

31°30' 

151".58 

5".77 

L881  July  22 

289  46 

37  39 

286  30 

33  4 

451  M 

6  .23 

9  48 

18S3  Dec.  19 

40  20 

110  46 

286  26 

34  47 

452  .20 

7  .10 

9  44 

1887  Apr.  2 

191  5 

210  29 

285  41 

36  24 

451  .08 

4  .77 

9  38 

1888  June  15 

246  1 

247  3 

284  35 

35  28 

44s  .97 

.55 

9  39 

1889  June  10 

290  46 

276  57 

283  55 

34  36 

449  .68 

1  .97 

9  33 

1890  Oct.  3 

350  48 

316  51 

283  35 

34  39 

451  .13 

4  .87 

9  28 

1891  Nov.  7 

41  0 

350  4 

283  29 

35  16 

451  .32 

5  .25 

9  27 

Jan.  20 

96  13 

26  38 

283  -2-2 

35  54 

451  .26 

5  .13 

9  25 

1895  Mar.  31 

196  42 

93  6 

283  11 

37  16 

450  .86 

4  .34 

'i  25 

1899  Nov.  5 

46  44 

232  42 

283  3 

3S  25 

149  .84 

2  .29 

9  30 

1901  Jan.  19 

lill  40 

269  20 

283  8 

3S  27 

449  .93 

2  .48 

9  31 

1902  Feb.  23 

151  3S 

302  30 

_'s:^  17 

39  3 

450  .12 

2  .86 

9  32 

1903  Mar.  30 

201  38 

335  44 

283  27 

39  31 

450  .41 

3  .44 

9  31 

1904  June  12 

256  42 

12  is 

2S3  36 

40  6 

450  sn 

4  .38 

9  30 

1905  Aug.  26 

311  5S 

48  52 

283  45 

41  5 

451  .35 

5  .32 

'.i  28 

1906  Sept.  30 

_'  S 

82  6 

283  41 

41  39 

451  .61 

5  .84 

9  27 

1907  Dec.  14 

57  25 

lis  39 

283  39 

42  32 

451  .60 

5  .82 

9  25 

1909  Jan.  17 

107  39 

151  53 

283  32 

43  9 

451  .33 

9  23 

1911  Mar.  28 

207  52 

21  s  22 

282  34 

43  12 

44'.)  .46 

1  .54 

9  19 
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value  of  n.     Except  when  n  is  very  near  commensura- 
bility  with  «',    .     is    necessarily    continuously    positive 


when     2n,  -  3n'   is    positive.     Furthermore  since 
which  is  the  dominant  term  of  the  second  member  of 

'dt  ~  ~di 


dm 
It 


2n, 


in'  < 


is  greatest   for    0  =  0°,  the    swing,  when    2nj  -  in'  is 
positive,  must  lie  small  about  0°  to  be  possible. 

21.  That  Jupiti  r  <  loes  not  permit  an  asteroid  to  revolve 
in  a  period  commensurate  with  his  own  is  thus  made  patent 
again  by  asteroids  of  the  2n  =  in'  group  as  analysis 
showed  was  the  case  with  the  n  =  2n'  group  and  with 
the   n  =  in'   one. 


OBSERVATIONS   OF  COMET   e,  1910    (Cekulli-Faye), 

-MADE    WITH    THE    11-INCH   EQUATORIAL   AT   SMITH    COLLEGE    OBSERVATORY,  NORTHAMPTON",   MASS. 

By  HARRIET    W.  BIGELOW. 


Greenwich  Mean  Time 

* 

No.  of 

Comp. 

lit 

J8 

App.  « 

App.  8 

log  p  A 

a               8 

Red.  to  Ap.  PI. 
a            8 

1910                        h          III         8 

Nov.  12,  16     8  42 

19,  12  42  53 

Dec.    3,  15  52  49 

9,  15  44  16 

1 
3 
4 
5 

8,8 
10/,  7 

7,7 
7,8 

m       a 

-0  15.29 
+  1  39.12 
+0  12.59 

+0     4.S2 

.     ., 
+  4  29.9 
-6  26.7 
+  7  12.6 
+0  27.1 

h        in       s 

3  38  21.27 
3  37  38.28 
3  36  42.32 
3  37  14.50 

+  7°  53  15.5 
+  6  19  34.3 
+  4     1   14.9 
+3  28  35.3 

9.013 
9.570 
8.396 

8.72S 

0.696 
0.739 

0.734 
0.740 

+3*17,  +  16.9 
+3.24,   -16.5 
+3.33.   -15.4 
+3.35,  +15.0: 

Right  ascension  marked  t  was  taken  by  transits;    others  were  measured  with  the  micrometer. 


Mean  Places  of  Comparison- Stars  for  1910.0. 

* 

a 

O                                   Authority 

* 

1            ?            1 
a                            o                                 Authority 

1 

2 
3 

h      m       8 

3  38  33.39 
3  35  25.15- 
3  35  55.92 

O           /            ff              j 

+  7  48  28.7   J  Micr.  comp.  with  2 
+  7  47  23.9     A.G.  Leipzig  II      1349 
+6  25  44.5  1  A.G.  Leipzig  II       1352 

li         id         S 

4  3  36  26.40 

5  1    3  37     6.33 

6  1    3  36  18.54 

+  3  53  46.0    A.G.  Albany             1075 

+  3  27  53.2  i  Micr.  comp.  with  6 

+  3  25     5.2  I  A.G.  Albany             1073 

THE   SECULAR   PERTURBATIONS   OF   MARS  ARISING    FROM    THE 

OF   JUPITER, 

By    ERIC    DOOL1TTLE. 


ACTION 


The  elements  employed  in  the  following  computation 
are  adopted  from  Dr.  G.  W.  Hill's  "New  Theory  of 
Jupiter  mi,!  Saturn,"  pages  19,  192  and  558: 


Mars 

*-  =  333D17  51.74 
i=      1  51  2.24 
Q,  =  48  23  54.59 
e  =  0.09326803 
log  a=  0.1S28971 
n  =  689050".  784 
m  =  l4-  3093500 


Jupiter 

tt'=  11°  54  31.67 
i'  =    1    18  42.10 

Q,'  =  OS  56  19.79 
e'  =  0.04825511 
log  a'  =  0.7162374 

n'  =  109256".626 

m'=  1-^1047.S79 


Epoch  1850.0  G.M.T. 

The    preliminary    constants    were    found    to    have    the 
following  values: 


/  =      1  26     6.381 
77  =  149  47     4.35 
tt'=  188  22  45.31 
k  =  321  24  28.37 
k'  =  321  24     9.72 


lo»-  k=  9.9999971 
log  K=  9.9998667 
logc  =  8.7905614 
c  =  0.063032043 


As  in  previous  cases,  the  computation  has  been  made 
according  to  Dr.  Hill's  first  modification  of  Gat  ^s 
method.     Exactly   this  same  computation   was  effected 


nine  years  ago  l>\ 


Dr.  Arthub  B.  Turner,  and  it  was 

therefore  at  first  believed  that  it  would  be  unnecessary  to 
duplicate  the  present  work.  But  as  the  two  series  differ 
slightly  from  the  beginning,  owing  principally  to  the  fact 
that  in  certain  places  logarithms  of  eight  decimals  are 
here  employed,  and  as  a  few  very  minor  errors  were  found 
in  Dr.  Turner's  work,  it  was  decided  to  follow  the  usual 
plan  of  carrying  the  whole  computation  through  twice. 
In  the  duplication  Zech's  tables  of  addition  and  sub- 
traction logarithms  were  used,  and  the  forms  of  the 
equations  were  altered  wherever  this  was  possible. 

The  orbit  of  Mars  was  divided  into  twelve  parts  with 
regard  (o  the  eccentric  anomaly:  the  sums  formed  by 
adding  the  functions  corresponding  respectively  to  the 
odd  and  even  points  of  division  were,  toward  the  close  of 
the  computation,  in  practically  exact  agreement.  The 
equation, 

sin   .)    .    \  A[']  -    cos  .j    .    H0     =  0 

was  found  to  give  the  residual, 

-0.000,000,000,19. 
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If  the  value  of  m'  be  left  indefinite,  the  resulting  values 
of  the  differential  coefficients  will  be  as  follows: 

log.  coeff. 

de 


dt 
dx 

di 

\_dtjx 

dQ' 

dt 

[dt 
~dL 


=   +     165  70584 
=    -13074.17.5      m' 
=  -     268.82366 

8712.2760     m' 

=    -13069.631       m' 
=  -19334.282      m' 


P  2.219337s 
p  4.1164143 
n  2.4294675 
n  3.9401316 
p  4.1162634 
n  4.2863281 


to  the  above  values  of  in',  they  will  be  found  to  compare 
with  those  here  obtained  as  follows: 


sm  ? 


-de 

dt 

*dr 

dt 
di' 

dt 
dSi 


Li'Vkrrier 


-0.15810 


+  1.16323 


-0.25648 


0.26864 


dt 

\~dL~ 
d  t_ 
ADDITIONAL  NOTE. 


Newcomb 


ii  15818 


1.16372 


-0.25655 


0.26850 


1S.450 


Method 

of 
Gauss 

+o'l5813 
+  1.1632S 
-0.25654 

-0.26850 

-18.4.51 


If.  finally,  the  above  value  of  m'  is  adopted  tliere  are 
obtained  the  following  results: 

.00 


dt_ 

dx 

It 

di' 

dt_ 

dSi' 

dt 

d~ 

dt 

r'dL 

Idt 


\_dt_ 


=    -12.476799 

i 

=   -   0.25654077 
=   -    S.3142000 
=   +12.472464 
=  -18.450874 


The  results  obtained  by  LeVerrier  are  stated  in 
Annates  de  I'Observatoire  de  Paris,  Tome  II,  page  59  and 
Tome  VI,  page  189:  those  of  Xewcomb  are  given  in  "  The 
Secular  Variations  of  the  Orbits  of  the  Four  Inner  Planets." 
pases  336  and  378.     When  all  of  these  results  are  reduced 


Dr.  Turner  has  called  my 
attention  to  a  computation  of  the  above  coefficients  which 
he  has  published  in  the  A.N.,  Number  4068.  This  paper 
is  of  special  value  because  the  method  employed  is  that 
developed  by  Dr.  Lours  Arndt,—  a  method  very  similar 
to  that  of  Dr.  Hill  but  in  which,  by  the  use  of  the  functions 
of  \\  eierstrass.  the  solution  of  the  cubic  equations  for 
the  moduli  of  the  elliptic  integrals  is  avoided.  But  three 
applications  of  this  method  seem  to  have  been  made. 
The  first  is  that  of  Venus  on  Mercury,  published  in  Dr. 
Arndt's  original  paper:  the  second  is  that  of  Saturn  on 
Mars  by  Dr.  Samuel  G.  Barton,  and  the  third  is  the 
computation  of  Dr.  Turner  here  referred  to.  The  values 
of  the  successive  coefficients  obtained  by  Dr.  Turner 
are  as  follows: 

-r0".  1-581330.       12". 47077.    -  0".2565480,    -8"314194. 
-  12".47244,  -18".45083.     In  spite  of  the  widely  differ- 
ent process  of  computation,  the  agreement  of  the  results 
here  obtained  is  practically  exact. 
The  Flower  Observatory,  June  22,  1911. 


THE    SECULAR    PERTURBATIONS   OF   MARS  FROM 

URANUS  AND  NEPTUNE. 
By  eric  doolittle. 
The  elements  adopted  for  the  following  computation 
are  those  given  in  Dr.  G.  W.  Hill's,  "New  Theory  of 
Jupiter  and  Saturn."  pages  109.  161,  192  and  554.  except 
that  for  the  mass  of  Uranus  the  new  value  suggested  by 
Dr.  Hill  (A.J..  No.  316),  has  been  employed: 


THE   ACTION   OF 


Uranus 


Xt  pturu 


Mars 

77  333  17  51.74 
Si         48  23  54.59 
i  1  51     2.24 

e  0.09326803 

n  689050".  784 

logo  0.1828971 

m  1-h3.093.500 

Epoch 


L'ranus 

168°  15     6.70 
73  14     S.00 
0  46  20.54 
0.0469236 
15425".752 
1.2831044 
1^22.800 
1850.0  G.M.T. 


Xeptune 

43   17  30.30 
130     7  31.83 
1  47     1.68 
0.0084962 
7S64".93o 
1.4781414 

l-r-19.700 


/ 

1  11  40.460 

2  22  41.388 

n 

120  39  30.31 

152  49  56.12 

IT 

31.5  36  26.40 

222  47  52.02 

K 

165  2  41.49 

290  3  32.71 

K' 

165  3  26.31 

290  0  35.50 

log  k 

p  9.9999538 

p  9.9998274 

log  V 

p  9.9999519 

p  9.9997986 

log  c 

p  9.9089914 

p  8.8147322 

c 

+  0.81094.500 

+0.065272791 

The  preliminary  constants  of  the  orbits  were  found  in 
the  two  cases  to  have  the  following  values- 


Dr.  Hill's  first  modification  of  Gauss's  method  was 
employed,  the  orbit  of  Mars  in  each  case  being  divided 
into  eight  parts  with  regard  to  the  eccentric  anomaly. 
When  each  computation  was  finished  it  was  duplicated 
from   the   beginning,  the   forms  of   the  equations  being 
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altered  in  the  duplication  where  this  was  possible,  and 
all  known  test  equations  were  applied.     The  condition, 
sin  q    .    \  A['    -  cos  g    .  B;y  =  0, 

arising  from  the  constancy  of  the  major  axis,  was  found 
to  give  the  residuals, 

/  'rutin* 

log  coeff 


(with    Uranus)      + 0.000,000.01)0,001,3 
(with  Neptune)     +0.000,000,000,001,2. 

If  the  values  of  in'  are  left  indefinite  in  the  two  cases, 
the  following  differential  coefficients  result: 

Neptune 

log  coeff. 


de 
dt 
d_x 
dt 
~di 
dt 
([& 
.dt 

dtr 

Tt 

dt 


0.34119354  m' 

+  274.05283  m' 
1.4239452  m' 
-1(59.16430  m' 
+  273.96460  m' 
-352.43262        m' 


n  9.5330008 

p  2.4378343 
n  0.1534933 
n  2.2283087 
p  2.4376945 
n  2.5470761 


Upon  introducing  the  above  values  of  in',  we  obtain, 
finally,  the  following  values  for  the  various  secular  varia- 
tions: 

Uranus  Neptune 

-  0.0000 1 496463 1        +  0 .0000006082: ; 


de 
dt 


dt 
~di 
dt 
dSV 
dt 


+  0.012019862  +0.0034075236 

-  0.000062453743       -  0.00010436562 


sin  i 


'de 

_dt_ 

d  it 

~cTt 

dSl' 

dt 

di 

dt 

dL 

dt 


-0.0074194879 

LeVerrier 

-0.00001 

0.00112 

-  0.00023 

-  0.00007 
-0.015 


0.0030229161 


d-T 

~dt 

'dL 

dt 


+  0.011982  m' 
+  67.128215  m' 

-  2.0560028  m' 

-  59.55143S  m' 
+  67.097154  m' 

-  90.590942  in' 

I  '  III  II  US 

+  0.012015994 
-  0.015457573 


p  8.0785350 
p  1.8269051 
n  0.3130237 
n  1.7748923 
p  1.8267041 

n  1.9570848 

A  rptune 
+  0.0034059472 

-  0.0045985255 


Uranus 
Newcomb 

-  o'ooooi 

+  0.00112 

-  0.00024 

-  0.00006 


The  values  obtained  by  Le  Vekriek  will  be  found  in 
the  Annates  de  I'Observatoin  de  Paris,  Memoires,  Tome  II. 
p.  59  and  Tome  VI,  p.  189.  Those  of  Newcomb  are  given 
in  "The  Secular  Variations  of  the  Orbits  of  the  Four  I 
Planets,"  pp.  336  and  378.  When  all  of  these  results  are 
reduced  to  the  above  values  of  m',  they  are  found  to  com- 
pare with  those  here  obtained  as  follows: 

Neptune 


Method  of 

(i.U'SS 

-0.0000150 
+  0.001121 
-0.000240 

-  0.000062 

-  0.015458 


LeVerRII  i: 

0.00000 
+  0.00032 

-  0.00009 
-0.00011 

-  0.004 


Newcomb 
0.00000 

;  0.00032 

0.00010 

-0.00011 


Method  of 

Gauss 

0.0000006 

+  0.0003177 

-  0.0000976 

-  0.0001044 

-  0.0045985 


The  Flower  Observatory,  August  4,  L911. 
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EESULTS   FOR   STELLAR    PARALLAX    FROM    MERIDIAN   TRANSITS   AT   THE 
WASHBURN   OBSERVATORY,  SECOND   SERIES, 

By  ALBERT   S.  FLINT. 


The  results  herein  given  are  in  advance  of  a  publication 
of  this  observatory  in  which  it  is  intended  to  present  the 
details  of  the  observations  and  reductions.  The  period  of 
observation  extended  from  July,  1898,  to  March,  1905. 
The  instrument  employed  was  the  Repsold  meridian  circle 
of  1 12.12  cm.  aperture  with  a  power  of  180  diameters  and 
equipped  with  a  Repsold  t  ransit  micrometer  driven  entirely 
by  hand.  The  star  images  were  kept  midway  between 
two  movable  threads,  which  formed  a  pair  separated  by 
a  space  of  8". 5  to  10".5.  The  brighter  stars  were  reduced 
in  apparent  magnitude  by  means  of  screens  which,  in  some 
cases,  consisted  of  the  brass  wire  screens  entirely  separate 
from  the  instrument  and.  in  the  remaining  cases,  of  the 
rotating  slats  attached  to  the  objective  end  of  the  telescope 
and  described  in  the  Astronomical  Journal  No.  470.  Other- 
wise the  conditions  of  observation  were  the  same  as  for 
the  First  Series  (Publications,  Vol.  XI  I  except  that  the 
loft  above  the  room  had  been  closed  by  means  of  board 
partitions  with  the  effect  of  greatly  improving  the  images 
of  stars  near  the  zenith. 

The  list  of  stars  observed  in  this  Second  Series  and  the 
definitive  observed  parallaxes,  with  other  data,  are  pre- 
sented in  Table  I.  The  observing  list  consisted  primarily 
of  parallax-stars  between  magnitudes  1.5  and  2.5.  To 
these  were  added  some  stars  down  to  magnitude  3.5  and 


others  of  large  proper-motion,  binaries,  and  a  few  other 
miscellaneous  stars.  The  magnitudes  given  for  parallax- 
stars  brighter  than  magnitude  5.5  in  the  table  are  from 
the  Potsdam  or  Harvard  photometries;  for  the  parallax- 
stars  of  magnit  ude5  5  or  fainter  and  for  all  the  comparison 
stars,  they  are  the  means  of  estimates  by  the  present  ob- 
server reduced  to  zenith  at  sea-level  by  means  of  Muller's 
table.  From  a  comparison  on  27  such  stars  with  the 
ordinary  catalogues  it  was  found  that  the  present  estimates 
are  0.10  of  a  magnitude  fainter.  The  spectrum  charac- 
teristics are  from  the  Harvard  volumes  L  and  LVI,  No.  4. 
The  column  "Parallax  Obs'd"  contains  the  observed 
parallax  for  each  star  as  resulting  from  the  solutions  by 
least  squares,  and  the  column  "Parallax  Abs."  (Absolute) 
contains  the  same  parallax  corrected  for  the  supposed 
mean  parallax  of  the  comparison-stars  by  means  of  Kap- 
teyn's  table  (Groningen  Pub.  24,  page  15) .  For  stars  8  and 
95,  there  was  only  one  comparison  star.  For  stars  66,  and 
122,  two  values  are  entered  respectively,  the  first  for  a 
solution  with  two  comparison  stars,  the  second  for  a  solu- 
tion with  a  third  single  comparison-star.  For  star  13, 
two  values  are  given,  which  resulted  from  the  solutions 
with  two  separate  pairs  of  comparison-stars.  A  weighted 
mean  ol  the  two  values  was  employed  for  these  cases  in  the 
<•(  imparisons  whose  results  are  given  in  the  following  tables. 


Table  I.     List  of  Stars  Observed  and  Results  for  Parallax 


No. 


Parallax  Star 


R.A. 
1900 

Decl. 

1900 

Mag. 

Sp. 

P.M. 

Parallax 
Obs'd        U.s. 


Prob. 
Error 


No. 
I  of 
< >bs. 


Comparison-Stars 


Name 


Mas 


Name 


Mas; 


1 

a  Androm. 

2 

r  Pegasi 

3 

4 
5 

a  Cassiop. 
gCeti 
P  0h,189 

6 

7 
8 

X  Cassiop. 
/3  Androm. 
a  Urs.  Min 

9 

r  Ceti 

10 

H  Arietis 

ll           III 

o       / 

" 

0    3.2 

h28  32 

2.4 

A 

0.22 

0     8.1 

+  14  38 

3.3 

B2 

0.01 

0  34.S 

+  55  59 

2.5 

K 

0.06 

0  38.6 

-18  32 

2.2 

K 

0.23 

0  43.1 

+  4  46 

6.2 

K 

1.34 

0  50.7 

+  60  10 

2.5 

B 

0.03 

1     4.1 

+35    5 

2.3 

Ma 

0.22 

1  22.6 

+88  46 

2.3 

F8 

0.04 

1  39.4 

-16  28 

3.6 

K 

1.93 

1  49.1 

+  20  19 

3.0 

A5 

0.14 

-0.019  -0.010 

±0.033 

63 

+   .073  +   .082 

.047 

61 

-   .020  -   .014 

.034 

57 

-   .061   -   .052 

.042 

46 

+   .170  +   .181 

.040 

60 

+  0.015  +0.022 

±0.030 

67 

+   .028  +   .036 

.031 

62 

+   .132  +   .140 

.020 

77 

+   .258  +   .268 

.039 

72 

+   .047  +    .055 

.029 

82 

B.D. 


B.D. 


+  25,5073 
+  18,11 
+  57,113 
-21,91 
+  5,104 

+  56,144 
+  37,210 
+  87,12 
-18,279 
+23,246 


7.5 
7.6 
7.5 
7.6 
6.1 

7.5 

7.7 
7.8 
7.6 
7.4 


B.D. 


+32,11 
+  13,27 
+  53,131 
-17,132 
+   1,149 


B.D.  +62,175 

+31,197  seq. 


-15,321 
+  17,292 


6.9 
7.7 
7.6 
6.8 

7.7 

7.7 
7.4 

7.4 

7.1 


(49) 
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of  Stars  Observed  and  Results  for  Parallax. —  Cont. 

No. 

Parallax  Star 

R.A. 
1900 

Decl. 
1900 

Mag. 

Sd    P  M         Parallax 
!     '  "M-   Obs'd       Abs. 

Prob. 

Error 

No. 

of 

Obs 

Comparison-Stars 

Xame            Mag 

Name 

Mag. 

11 

7-1  Androm. 

b       111 

1   57.J 

+  41  51 

2.4 

K 

0.07 

0.015    -0.00* 

±0.027 

76 

B.D.   +42°430       7  6 

B.D.  +40,434 

7.1 

12 

a  Arietis 

2     l.£ 

+  22  5£ 

2.2 

K2 

(1.2-1 

+    .021     -     .!!_>! 

.(!_•> 

7D 

+  19,32  1       7  .5 

+  24,306 

l.l 

13 

3  Triang. 

2  10.E 

-33  4( 

.5.1 

G 

1.1." 

062        H7i 

.03C 

75 

+32,390 

si, 

+34,425 

6.9 

13. 

3  Trian<:. 

2  10.( 

+  33  4fi 

.5.1 

G 

1.1; 

+    .144   +    .1.51 

.02 

77 

+33.3  85 

8.2 

-33,406 

7.9 

14 

Lai.  1855 

2  32.< 

+  30  24 

7.4 

0.61 

+   .029  -     031 

1  r: 

77 

-  .',2.473 

6.5 

-29.4.53 

7.5 

IS 

-  Persei 

3     1.0 

-  in  34 

2.1 

B8 

0.01 

t-0.122  +0.13( 

±0.026 

78 

B.D.  +39,699 

7.0 

B.D.  +41,031 

0.4 

16  |  a  Persei 

3   17.2 

-49  30 

2.2 

F5 

llll 

+   .101   +   .in: 

.025 

71 

'      +51,716 

7,1 

+47,835 

7.0 

17 

s  Eridani 

:;  28.2 

-  9  4S 

3.8 

K 

0.98 

-    .304    -    .37'.!         .025 

97 

-   7,603 

0.2 

-11,696 

6.0 

18 

3  Eridani 

3  28.4 

-10    0 

3.7 

K 

0.74 

+   .078  +   .081 

.034 

87 

-   7,654 

7.3 

- 14,74' 

7.7 

19 

i  Peix'i 

3  51.1 

+39  43 

3.1 

15 

0.04 

-   .04  1        .031 

.(124 

'HI 

+  39,887 

so 

+39,909 

7.6 

20 

Gr.  864 

4  :;i." 

+  41   56 

7.5 

0.74 

+  0.024  +0.031 

±0.025 

71 

B.D.  +41,920 

7.5 

B.D. +42,1033 

<  .7 

21 

.-  Aurigae 

4  50.5 

+  33     0 

2.8 

K2 

(ML 

-   .017  -   .011 

.022 

62 

+  30.9.5s 

7.s 

-29.744 

7.7 

22 

3  Eridani 

5     2.9 

-   5  13 

2.9 

A2 

0.11 

+   .012  +   .022 

.028 

07 

-   6.107.5 

7.2 

-    2,1161 

6.5 

23 

X  Aurigae 

.3   12.1 

+  40     1 

4.8 

G 

0.85 

+   .070  +   .077 

.028 

67 

+39,1236 

7.3 

+40,12.5.5 

7.4 

24 

jSTauri 

5  20.0 

+28  31 

2.0 

B8 

11  is 

-   .073  -   .065 

.028 

53 

+  2S,7S7 

7.0 

+29,909 

6.6 

2.5 

X  Ononis 

5   19.8 

+  6  15 

2.1 

B2 

0.02 

+0.021    +0.029 

±0.031 

51 

B.D.  +  5,899 

7.3 

B.D.  +  6,923 

6.7 

26 

3  Ononis 

5  26.9 

-  0  22 

2.5 

B 

0.00 

+   .072  +   .082 

.030 

74 

\1032 

6.1 

-   1,950 

6.1 

27 

£  Orionis 

5  31.1 

-    I    16 

1.8 

B 

0.00 

+   .048  +   .058 

.025 

78 

-   1,950 

6.1 

-  3,1166 

6.4 

28 

£  Orionis 

5  35.7 

-20 

2.0 

B 

0.02 

-   .039  -   .031 

.026 

78 

-  3,1166 

6.4 

-  2,1346 

6.8 

29 

k  Orionis 

5  43.0 

-  9  42 

2.2 

B 

0.00 

+   .018  -   .027 

.030 

71 

-10,1271 

7.4 

-  9,12.5.5 

0.4 

30 

/?  Aurigae 

5  52.2 

-44  56 

2.2 

A 

0.04 

+0.026  +0.034 

±0.020 

81 

B.D.  +41,1304 

6.8 

B.D. +47,1236 

6.7 

31 

:'i  Can.  Maj. 

6  18.3 

-17  54 

2.0 

Bl 

0.01 

+    .154   +    .163 

.031 

79 

-20,1355 

0.3 

-14,1450 

6.7 

32 

X  Gem. 

6  31.9 

+  16  29 

2.3 

A 

0.07 

+    .064   +    .(173 

.023 

79 

+  16,1201 

7.0 

+  16,1242 

6.8 

33 

£  Can.  Maj. 

6  54.7 

-28  50 

1.6 

Bl 

0.00 

+    .012   +    .020 

.035 

79 

1    G.A.       8689 

7.0 

C.G.A.     8818 

7.0 

34 

(J  ( 'an.  Maj. 

7     4.3 

-26  14 

2.0 

F8 

0.02 

-   .067  -   .059 

.033 

75 

6.6 

9063 

7.5 

35 

tj  Can.  .Maj. 

7  20.1 

-29     6 

2.4 

B5 

0.00 

+  0.049   +0.057 

±0.040 

77 

C.G.A.      9386 

7.0 

C.G.A.     9.5S.3 

6.9 

36 

a  Gem.  (pair) 

7  28.2 

+  32     6 

1.9 

A 

0.20 

+    .167   +    .171 

.031 

S4 

B.D.  +34,1629 

7.S 

B.D. +31,16533 

1 

37 

Lac.  2957 

7  41.8 

-33  59 

5.4 

F8 

I. OS 

+    .050   +    .0154 

.042 

63 

C.G.A.        in: 

7.s 

C.G.A.         10174 

0.7 

38 

9  Puppis 

7  47.1 

-13  38 

5.3 

F8 

0.33 

+   .028  +   .035 

.026 

77 

B.D.  -13,2247 

6.6 

B.D.  -13.2304 

7.i; 

39 

'  1  'ancri  (wide  pair) 

s     6.5 

+  17  57 

4.7,6.0 

G 

11.1.5 

-   .004  +   .005 

.033 

73 

-17.177s 

7.(3 

+  18,1882 

6.9 

40 

W.B.  'iii,  181-2 

s   12.0 

+  30  56 

S.7 

0.90 

+0.0S1   +0.088 

±0.031 

01 

B.D.  +30,1680 

s..5 

B.D. +31.1 7s4 

8.6 

41 

Lai.  17103 

S  34.8 

-22   19 

5.1 

K 

0.4.3 

-   .049  -   .042 

.036 

.5.5 

-20 

7.7 

-23.7063 

- 

42 

10  Urs.  Maj. 

8  54.2 

+  42   11 

4.1 

F5 

0.50 

-   .004  +   .00.5 

.027 

71 

+  41.1SS9 

8.0 

-44,1817 

7.5 

13 

2  3121 

9  12.0 

+  29     0 

7.3 

0.52 

+    .119    +    .131) 

.026 

65 

+2.5 

7.1 

+32, 

7.0 

14 

a  Hydrae 

9  22.7 

-   8  14 

2.2 

K2 

0.04 

-   .030  -   .021 

.031 

62 

-  10.2s:j4 

7.8 

-   5,28_>0 

7.2 

45 

Lai.  L9022 

9  37.1 

+  43  10 

7.9 

0.80 

+  0.121   -^0.132 

±0.029 

mi 

B.D.  +4; 

7.4 

B.D.  -42,2041 

7.0 

46 

<p  Urs.  Maj. 

9  45.3 

+54  32 

4.7 

\.' 

0.0-' 

-   .049  -   .038 

.029 

66 

1-54,1329 

7.0 

+54,1337 

6.9 

47 

20  Leo.  Min. 

9  55.2 

+32  25 

5.6 

F2 

0.69 

.000  +  .009 

.030 

65 

+31,2075 

s.l 

+  33. 

7.8 

48 

Lai.  19780 

10     3.6 

-19  1.5 

7.5 

0.38 

+   .048  +   .0.57 

.037 

66 

-20,3101 

7.4 

-17 

7.4 

49 

X  Leonis 

10   14.5 

+  20  21 

2.4 

K 

0.33 

+   .090  +   .10.5 

.040 

63 

+22,2197 

7.7 

-17.2212 

s.l 

50 

Gr.  1646 

10  21.9 

+  49  19 

6.6 

FS 

0.89 

+  0.000  +0.070 

±0.032 

09 

B.D.   -4s.lsi;i 

s.l 

B.D. +51.100.5 

0.5 

51 

W.B.x,  520 

10  31.6 

-11  42 

5.8 

F 

0.74 

-   .030  -   .020 

.046 

70 

-  9,3101 

..7 

-14.31,50 

7.8 

52 

/5  Urs.  Maj. 

10  55.8 

+  56  55 

2.6 

\ 

0.09 

+   .125  +   .130 

.041 

39 

+  5s. 

7.(1 

1498 

7.4 

53 

a  Urs.  Maj. 

10  57.6 

+62  17 

2.0 

K 

0.14 

+   .026  +   .037 

.039 

40 

+64,824 

6.7 

+59,1351 

7.3 

.",4 

f  Urs.  Maj.  med. 

11  12.8 

+32     5 

3.9 

G 

0.73 

+   .160  +   .169 

.031 

76 

+32,2124 

7.8 

+32,2137 

8.0 

.",.-, 

20  Crateris 

11  29.6 

-32    18 

6.4 

1, 

1.08 

+  0.22(1   +0.240 

±0.040 

65 

C.G.A.      15777 

5.6 

\>,.\.     15854 

6.3 

.-,<; 

.3  Leonis 

11  44.0 

+  1.5     S 

2.6 

AJ 

0.51 

+   .031   +   .040 

.037 

65 

B.D.    -1.5.237s 

s.l 

B.D.  +13,2463 

8.6 

57 

X  Urs.  Maj. 

11   48.6 

-.34  1.5 

2.7 

A 

0.10 

+   .034  +   .043 

.058 

4S 

-,57,1339 

8.S 

-.51.1713 

s.7 

5S 

P  llh,  218 

11    .".7.1 

+  43  39 

(1.7 

0.70 

+    .054   -    .Oil! 

.030 

67 

+  41,2253 

O.s 

-47.192s 

S.2 

59 

W.B.  xii,  69 

12     7.4 

-   2  32 

7.5 

0.73 

+   .029  +     039 

.046 

72 

-    2.3  17s 

7.1 

-  0,2554 

7.5 

60 

8  Can.  Ven. 

12  29.0 

+  41  54 

4.5 

G 

0.75 

+  0.075  +0.084 

±0.036 

69 

B.D.  +44,2202 

8.0 

B.D.  +40,2.5.51 

7.5 

61 

r  \"irg.  (pair) 

12  3U.i; 

-  0  54 

3.6,3.7 

F 

0.55 

+   .076  +   .0S7 

.034 

71 

-  0,2595 

7.6 

-  0,2603 

0.1 

62 

e  Urs.  Maj. 

12    19.6 

+  56  30 

2.2 

\ 

(i.ll 

+    .041    -    .0.31 

.027 

83 

+5s 

7.9 

+  55,1504 

7.2 

63 

£  Virginia 

12  57.2 

+  11  30 

3.1 

K 

0.2S 

+   .023  +   .034 

.034 

81 

+  10,2496 

7.2 

+  14,2578 

7.8 

64 

42  Comae 

13     5.1 

+  18    3 

4.5 

1\5 

0.49 

+   .109  +  .119 

.032 

87 

.       +19,2642 

7.3 

+ 16,2470 

7.7 

65 

C1  Urs.  Maj. 

13  19.9 

-.55  27 

2.4 

A 

0.13 

+0.067  +0.076 

±0.033 

77 

B.D.  +53,1618 

8.2 

B.D. +.58,1449 

7.9 

66i 

7j  Urs.  Maj. 

13  43.6 

-  19    19 

2.3 

B3 

0.12 

-   .087  -  .078 

.029 

88 

+  48.2147 

7.9 

+52,1751 

7.0 

66> 
67 

7?  Urs.  Maj. 
d1  Centauri 

13  43.6 

14  0.8 

+  49  49 
-35  53 

2.3 

2.3 

B3 
K 

0.12 
11.7.5 

-  .076  -  .067 

-  .071   -   .002 

.039 

.007 

88 
54 

7.4 

-50.2029 
1  ,   \      L9186 

8.3 
8.0 

J.G.A.       19081 

OS 

Lai.  26196 

14  14.4 

-  4  41 

7.7 

0.06 

+  .05S  +  .069 

.044 

97 

B.D.  -7.3S13 

7.3 

B.D.  -1.2943 

7.3 

69 

Lai.  26289 

14  18.1 

+    1  43 

6.5 

G 

0.50 

+  0.221    +0  232 

±0.036 

99 

B.D.  -    1,2943 

7.3 

B.D.  +  5,2879 

7.9 

70 

Lai.  26481 

14  25.8  -15  11 

8.3 

0.46 

+   .210  +   .220 

.04S 

si 

- 14,3964 

8.1 

-16,3892 

7.4 
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Table  I.     List 

of  Stars  Observed 

and  Results  for  Parallax. — Cont. 

No. 

Parallax  Star 

R.A. 
1900 

Decl. 
1900 

Mag. 

Sp. 

P.M. 

Parallax 
Obs'd       Abs. 

prob.  x;' 

Error  Obs. 

Comparison-Stars 

Name           [Mag. 

Name               1  Mag. 

71 

e-  Bootis 

h     m 
14  40.6 

+  27°  30 

2.7 

\ 

II 

0.05 

+  0.040 

+  0.050 

±0.026 

85 

B.D.   +29,2568 

7.8 

B.D.  +24,2776 

7.5 

72 

i  I'rs.  Min. 

14  51.0 

+  74  34 

2.3 

K5 

0.03 

+   .004 

+    .DM 

.023 

87 

+  72,653 

7.7 

+  75,545 

6.9 

73 

,5  Librae 

15  11.6 

-   9     1 

2.7 

B8 

0.10 

-   .005 

+   .005 

.034 

70 

- 10,4055 

6.8 

-  8,3917 

7.3 

74 

/(-  Bootis 

L5  20.8 

+  37   42 

7.0 

K 

0.17 

+0.019 

+  0.030 

±0.026 

69 

B.D.  +34,2637 

7.5 

B.D.  +39,2875 

6.9 

75 

a  Cor.  Bor. 

15  30.5 

+  27     3 

2.6 

A 

0.16 

+   .044 

+   .054 

.029 

61 

+  28,2439 

7.9 

+  24,2901 

6.9 

76 

a  Serpentis 

15  39.3 

+  6  44 

2.9 

K 

0.14 

+   .139 

+    .151 

.034 

57 

+  7,3010 

7.2 

+  5,3072 

6.0 

77 

<5  Scorpii 

IT)  .VI. 4 

-22  20 

2.5 

B 

0.04 

-   .003 

+   .006 

.037 

5S 

C.G.A.     21622 

7.1 

-21,4255 

7.4 

78 

3l  Scorpii 

15  59.6 

-19  32 

2.9 

Bl 

0.03 

-   .02S 

-    .019 

.048 

56 

B.D.   -21,4255 

7.4 

-17,119  1 

7.3 

79 

r  Cor.  Bor. 

16     5.3 

+36  45 

5.0 

K 

0.33 

+  0.086 

+  0.097 

±0.035 

60 

B.D.  +39,2954 

8.2 

B.D.  +33,2696 

6.4 

80 

a  Cor.  Bor.,  seq. 

16  10.9 

+  34     7 

7.6,6.7 

F5 

0.29 

+   .020 

+   .031 

.034 

7S 

+33,2696 

6.4 

+  34,2759 

7.6 

81 

t]  Draconis 

16  22.6 

+  61    14 

3.0 

G5 

0.06 

+   .070 

+   .(ISO 

.032 

56 

+  62,1470 

7.4 

+  58,1641 

8.0 

82 

,5  Herculis 

16  25.9 

+  21   42 

3.0 

K 

0.11 

+   .012 

+    .020 

.030 

56 

+  19,3107 

7.4 

+  25,3094 

7.8 

83 

^  Ophiuchi 

16  31.6 

-10  22 

2.7 

B 

0.02 

+   .044 

+  .052 

.042 

64 

-   9,4413 

7.8 

-   9,4427 

7.7 

84 

'  Herculis 

16  37.5 

+  31   47 

3.2 

G 

0.61 

+  0.138 

+  0.146 

±0.029 

79 

B.D.  +29,2864 

7.4 

B.D.  +32,2774 

7.4 

85 

£  Scorpii 

16  i:;. 7 

-34     7 

2.4 

K 

0.68 

-    .065 

-   .057 

.016 

51 

C.G.A.     22697 

6.7 

C.G.A.     22808 

7.6 

86 

i)  Ophiuchi 

17     4.6 

-15  36 

2.6 

A 

0.09 

-   .054 

-   .046 

.037 

78 

B.D.  -16,4425 

7.0 

B.D.  - 14,4565 

7.2 

87 

36  Ophiuchi 

17     9.2 

-26  27 

5.8,5.9 

K 

1.27 

+   .090 

+   .098 

.036 

83 

C.G.A.     23321 

6.6 

C.G.A.     23408 

7.2 

ss 

Lac.  7203 

17  10.1 

26  24 

6.6 

1.25 

+   .093 

+   .101 

.031 

83 

23324 

6.6 

23408 

7.2 

89 

W.B.  xvii,  322 

17  20.8 

+  2  14 

7.4 

1.31 

+0.194 

+0.200 

±0.027 

84 

B.D.  +  5,3379 

7.6 

B.D.  -  0,3296 

7.7 

90 

a  Ophiuchi 

17  30.3 

•  12  38 

2.5 

A5 

0.26 

+  .lis 

+    .127 

.025 

98 

+  12,3241 

6.6 

+  13,3121 

6.3 

91 

/<  Herculis 

17  42..") 

+  27  47 

3.6 

G5 

0.81 

+   .116 

+    .126 

.022 

98 

+  29,3091 

6.6 

+25,3353 

5.3 

92 

r  Draconis 

17  54.3 

+  51  30 

2.5 

K5 

0.02 

-   .006 

+   .002 

.021 

91 

+  51,226.', 

7.6 

+  51,2302 

7.6 

93 

99,  b  Herculis 

18    3.3 

+30  33 

5.3 

F8 

0.14 

+   .064 

+   .074 

.1122 

118 

+  32,3047 

5.6 

+  30,3138 

6.5 

94 

£  Sagittarii 

18  17.5 

-34  26 

2.0 

A 

0.13 

+  0.073 

+0.081 

±0.033 

91 

C.G.A.     24983 

7.3 

C.G.A.     25101 

6.7 

95 

/  Sagittarii 
a  Sagittarii 

IS  21.8 

25  29 

2.9 

K 

0.20 

+   .059 

+   .069 

.034 

112 

25217 

7.1 

96 

18  49.1 

26  25 

2.1 

B3 

0.07 

+   .064 

+  .072 

.033 

92 

25810 

6.6 

25906 

7.7 

97 

£  Sagittarii 

18  56.2 

-30     1 

2.7 

\2 

0.04 

+   .106 

+   .115 

.037 

89 

25930 

6.3 

26121 

7.4 

98 

'  <;r.  2789  (pair) 

19     9.5 

+  19    11) 

7.2,7.0 

K 

0.63 

+   .038 

+   .045 

.021 

123 

B.D.  +50,2734 

7.3 

B.D.  +49,2969 

7.4 

99 

Br.  2459 

I'.i  21.3 

+  24  44 

6.4 

K 

0.66 

+  0.038 

+  0.045 

±0.024 

112 

B.D.  +25,3803 

7.6 

B.D.  +24,3758 

7.2 

100 

0  ( iygni 

19  33.S 

►  19  59 

4.6 

F5 

0.25 

+   .002 

+   .010 

.026 

101 

+  48,2914 

6.3 

+50,2829 

7.2 

101 

X  Aquilae 

19  41.5 

+  10  22 

3.1 

K2 

0.00 

-   .018 

-  .009 

.033 

109 

+   9,4233 

6.7 

+  11,3996 

6.8 

102 

a  Aquiiae 

19  45.9 

+  8  36 

1.1 

A5 

0.66 

+   .071 

+  .079 

.033 

111 

+  11,3996 

6.8 

+  7,4267 

7.3 

103 

Lai.  38380 

19   .V.I..-, 

■  29  38 

6.0 

K 

0.86 

+   .070 

+    .077 

.024 

113 

+  30,3853 

7.1 

+27,3612prec. 

7.6 

104 

Lai.  38692 

20     9.0 

-27  20 

5.7 

G2 

1.28 

+  0.039 

+0.049 

±0.033 

92 

C.G.A.     27592 

7.5 

C.G.A.     27847 

6.9 

105 

r  C'ygni 

20  18.6:  +39  56 

2.5 

is 

0.00 

-   .003 

+    .003 

.021 

120 

B.D.  +40,4116 

7.7 

B.D.  +38,4081 

7.9 

106 

,3  668 

20  26.9|  -10  12 

5.8 

G 

0.31 

+   .026 

+   .035 

.036 

114 

- 13,5684 

7.8 

-  6,5521 

7.0 

107 

B.D.  +14°,  4389 

20  36.0  +14  10 

7.8 

.000 

+   .008 

.029 

114 

+  17,4370 

6.5 

+  9,4616 

8.0 

108 

e  Cygni 

20  42.2 

+  33  36 

2.7 

k 

0^49 

-   .023 

-   .016 

.024 

122 

+  31,4204 

7.8 

+  35,4282 

6.7 

109 

Fed.  3638 

20  52.4 

+  74  23 

7.7 

0.70 

-0.037 

-0.030 

±0.021 

117 

B.D.  +73,916 

8.2 

B.D. +75,765 

6.7 

110 

W.B.  xxi,  97 

21     7.4 

+  17  21 

7.5 

0.92 

+   .062 

+   .071 

.024 

120 

+  18,4719 

7.0 

+  15,4379 

7.0 

111 

a  Cephei 

21   16.2 

+  62  10 

2.8 

A5 

0.16 

+   .078 

+   .084 

.024 

119 

+  63,1711 

8.0 

+  60,2233 

7.7 

112 

/?  Aquarii 

21  26.3 

-  6     1 

3.1 

G 

0.02 

-  .075 

-   .068 

.032 

111 

-   5,5564 

7.6 

-  6,5781 

7.7 

113 

£  Pegasi 

21    .'{9.:! 

+   9  25 

2.8 

K 

0.02 

+   .033 

+   .041 

.030 

111 

+   9,4872 

7.0 

+  8,4734 

7.7 

114 

Lai.  42883-5 

21  54.2 

+  29  21 

7.3 

0.56 

+  0.080 

+0.086 

±0.027 

102 

B.D.  +30,4558 

7.7 

B.D.  +29,4569 

7.7 

115 

Gr.  3689- 

22     3.1 

+  52  39 

7.7 

0.61 

+   .001 

+  .007 

.028 

96 

+  50,3549 

7.4 

+  53,2798 

7.9 

116 

Lai.  43492 

22   12.3 

+  12  24 

7.2 

O.S-1 

+   .010 

+  .019 

.033 

99 

+  11,4765 

7.4 

+ 13,4887 

7.0 

117 

34  Pegasi 

22  21.5 

+  3  53 

6.2 

G 

0.26 

+  .070 

+  .079 

.033 

95 

+  5,5008 

7.5 

+   1,4623 

7.2 

118 

■q  Pegasi 

22  38.3 

+  29  42 

3.2 

G 

0.04 

-   .037 

-  .028 

.027 

106 

+30,4761 

7.8 

+  29,4753 

6.8 

119 

a  Pegasi 

22  47.3 

+  9  18 

5.3 

F 

0.51 

+0.051 

+  0.060 

±0.032 

104 

B.D.  +  7,4931 

7.9 

B.D.  + 10,4845 

8.3 

120 

/?  Pegasi 

22  58.9 

+  27  32 

2.5 

Mb 

0.24 

-   .058 

-   .047 

.046 

56 

+  25,4861 

8.3 

+28,4518 

7.6 

121 

o  Pegasi 
W.B.  xxiii,  175 

22  59.8 

+  14  40 

3.2 

A 

0.1)7 

+   .026 

+   .036 

.040 

56 

+ 12,4928 

7.0 

+  17,4875 

7.1 

122] 

23  11.9 

-14  22 

8.2 

1.31 

-   .058 

-   .048 

.050 

ss 

-12,6453 

7.8 

-16,6259 

7.5 

1222 

W.B.  xxiii,  175 

23   11.9 

-14  22 

8.2 

1.31 

-   .153 

-   .141 

.045 

89 

-14,6441 

6.8 

123 

P  23h,  164 

23  38.5 

+  57  31 

7.3 

H 

0.62 

-0.030 

-0.022 

±0.026 

so 

B.D.  +55,2990 

7.2 

B.D.  +59,2777 

6.6 

124 

B.D.  +  26°,4721 

23   51.2 

-  26    13 

7.8 

-0.001 

+  0.006 

.035 

65 

+  24,4857 

7.9 

+  27,4667 

8-0 

A  general  average  of  the  probable  errors  of  the  paral- 
laxes is  ±0".031,  and  of  the  probable  errors  of  a  single 
observed  difference  between  a  parallax  star  and  the  mean 
of  two   comparison   stars   is    ±0".22.     The   latter   value 


holds  as  well  for  the  stars  observed  with  the  slat  screen, 
when  a  fair  comparison  is  made  with  the  stars  observed 
through  the  wire  screens  or  through  none  at  all.  From 
the  average  value  ±0".031,  the  reader  can  determine  for 
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himself  readily  the  approximate  degree  of  uncertainty 
pertaining  to  any  particular  mean  value  of  parallaxes 
given  in  the  following,  so  far  as  the  uncertainty  arises  from 
accidental  errors  of  observation.  The  probable  errors  of 
the  list  are  distributed  through  all  values  from  ±0".020 


to  ±0".04s  with  the  exception  of  those  for  stars  57.  67, 
and  122x;  and  the  large  values  for  these  are  due  apparently 
to  extreme  faintness  of  one  or  more  stars  in  each  set,  or 
low  altitude,  or  to  the  fact  that  the  number  of  observa- 
tions is  comparatively  small. 


Table  IJ.     Parallaxes  from  Solutions  with  Comparison-Stars  Separately. 


No.  of 

Stars 


Par. 

From  Prec. 

From  Foil. 

Diff. 

Diff.  of  Mas 

Obs'd 

Comp.  Star 

Comp.  .Star 

Foll.-Prec. 

Prec.-Foll. 

66! 

-0.0N7 

(-o.ii)i) 

-0.070 

+0.034 

+0.3 

112 

-    .075 

-    .102 

(-    .048) 

+   .054 

-0.1 

24 

-    .073 

(-    .115) 

-    .031 

+   .084 

+  1.0 

67 

-    .071 

-    .179 

+   .033 

+   .212 

-0.4 

34 

-    .067 

-    .089 

(-    .045) 

+   .044 

-1.0 

85 

-0.065 

-0.087 

(-0.043) 

+0.044 

-1.0 

4 

-    .061 

(-    .125) 

+   .003 

+   .128 

+  0.7 

120 

-    .058 

-    .151 

+   .036 

+    .187 

+0.7 

122, 

-    .058 

(-    .014) 

-    .102 

.II.S.S 

+  0.3 

41 

-    .049 

.018 

(-   .080) 

-    .062 

-0.3 

IIS 

-0.037 

(-0.061) 

-0.013 

+0.048 

0.0 

51 

-    .036 

(-    .050) 

-    .022 

+   .028 

-0.1 

108 

-    .023 

(       .000) 

-    .046 

-    .046 

+  1.1 

11 

-    .015 

(-    .038) 

+   .008 

+   .046 

+0.5 

47 

.000 

(-    .010) 

+   .010 

+   .020 

+0.3 

116 

+0.010 

+0.017 

(+0.003) 

-0.014 

+0.4 

113 

+   .033 

+   .015 

(+   .051) 

+  .036 

-0.8 

57 

+   .034 

+   .101 

-    .034 

-    .135 

+0.1 

104 

+   .039 

(+   .048) 

+   .030 

.018 

+0.6 

13, 

+   .062 

+   .097 

+   .022 

-    .075 

+  1.1 

102 

+0.071 

(+0.100) 

+0.042 

-0.058 

0.5 

88 

+   .093 

(+   .084) 

+   .102 

+  .018 

-0.6 

45 

+   .121 

+   .124 

(+    .lis 

-    .006 

-  1.4 

84 

+   .138 

+   .157 

(+    .11" 

-    .038 

0.0 

76 

+   .139 

(+   .090) 

+  .188 

+   .098 

+  1.3 

132 

+0.144 

+  0.110 

(+0.178) 

+0.06S 

-0.3 

70 

+   .210 

+   .174 

(+   .246) 

+  .072 

-0.2 

69 

+   .221 

+   .220 

(+   .222) 

+  .002 

0.0 

55 

+    .226 

+   .197 

(+   .255, 

+  .058 

-0.9 

9 

+  .258 

(+   .233) 

+  .283 

+  .050 

+0.3 

17 

+0.364 

0.401 

(+0.327) 

-0.074 

+0.3 

A  number  of  values  of  parallax,  both  positive  and  nega- 
tive, were  tested  by  means  of  parallel  solutions  of  the  data 
furnished  by  the  differences  between  the  transits  of  the 
parallax  star  and  one  of  the  comparison-stars  alone.  The 
results  are  presented  in  Table  II  in  the  order  of  algebraic 
magnitude  of  the  observed  parallaxes,  where  the  values 
enclosed  in  parentheses  are  derived  by  subtracting  the 
value  from  the  solution  with  one  comparison  star  from 
twice  the  observed  parallax  of  Table  I.  The  numbers 
in  the   fifth  column  of   the  table   consequently   are   the 


observed  parallaxes  of  the  preceding  comparison-stars 
referred  to  their  respective  following  comparison-stars. 
This  list  of  31  stars  includes  the  five  stars  which  have 
the  largest  positive  values  of  the  absolute  parallax  and 
the  nine  stars  which  have  the  largest  negative  values; 
altogether  it  contains  22  stars  out  of  the  37  stars  that 
have  the  largest  values  in  numerical  magnitude. 

In  order  to  test  for  systematic  error  depending  upon 
differences  between  the  magnitudes  of  the  stars,  the  means 
were  computed  from  the  data  of  Table  II  for  groups  in 
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Table    III.     C 
R.A. 

roup-Means  Computed   for  the   Data 
of  Table  II. 

Diff.  Mag.             Hill.  Par.     No.  of  Stars 

Table  IV.     Group-Means  Computed  for  the  Cor- 
responding Data  of  the  First  Series. 

R.A.                            Diff.  Mag.            Diff.  Par.      No.  of  Stars 

h 

2.0 
8.1 
12.3 
15.6 
19.8 
22  5 

+  0.53              -0.01'!                6 
+0.80              -    .03 1                5 
+0.36             +  .080              5 
-0.50                   (111              5 
^0.58             +  .021              5 
+0.44             -0.005              5 

h 

2.3 

6.7 
10.6 
15.7 
20.9 

Mean 

+  1.08             +0.192              5 
+  1.05             +  .033              6 
+  1.46              +   .032               5 
+  1.43               -    .055               6 
+  1.52              +0.198               5 

+  1.31             +0.0S0  Total  27 

Mean 

+0.54             +0.009  Total  31 

order  of  right  ascension,  taking  the  differences  of  magni- 
tude all  as  positive  and  changing  the  signs  of  the  differ- 
ences of  parallax  in  the  fifth  column  of  the  table  to  corres- 
pond. The  results  are  presented  in  Table  III.  The  large 
value  +0".080,  in  the  third  column,  is  due  mostly  to  stars 
57  and  67,  which  are  the  only  two  of  this  table  that  have 
very  faint  comparison  stars,  and  star  67  is  also  very  far 
south.  In  Table  [V  are  presented  for  the  sake  of  com- 
parison the  corresponding  means  for  the  First  Series  of 
observations.  These  were  published  in  detail  in  Vol.  XI. 
Table  VIII,  of  the  publications  of  this  observatory.  There 
appears  to  be  no  sensible  systematic  error  in  the  present 
work  similar  to  that  found  in  the  former  series. 

Before  testing  the  general  list  for  systematic  error,  it  is 
advisable  to  withhold  from  the  discussion  any  few  values 
which  may  belong  to  stars  so  peculiarly  situated  as  to  set 
them  aside  from  the  representatives  of  their  class.  To 
include  such  a  star  as    «  Centauri,  for  instance,  in  a  dis- 


cussion like  the  present,  would  mask  the  significance  of 
mean  values  and  of  any  plotted  curve.  After  an  examina- 
tion of  the  differences  of  the  observed  parallaxes  from 
their  general  mean  and  also  from  Kapteyn's  tabular 
values  (Groningen  Pub.  No.  8),  several  stars  were  excluded 
at  the  outset.  The  remaining  values  have  the  general 
aspect  of  normal  observed  quantities  with  an  approximate 
balance  between  positive  and  negative  values.  Early  in 
the  discussion  a  few  more  stars  were  excluded  as  abnormal 
in  appearance  so  far  as  .the  present  purpose  is  concerned. 
The  stars  thus  left  out  from  both  instances  were  Nos.  9, 
17,  5."),  69,  70,  89,  and  122.  Nos.  107  and  124  also  were 
omitted  as  nondescript  stars,  and  Nos.  87  and  88  were 
counted  as  one;  so  that  the  total  number  of  stars  under 
discussion  was  reduced  irom  124  to  114. 

The  stars  of  the  general  list  fall  naturally  into  two  di- 
visions. The  first  of  these  consisting  of  the  brighter  stars, 
of  magnitude  3.5  or  brighter,  form  a  somewhat  homo- 


Table  V.     Parallax  Stars,  .Magnitude  3.5  or  Brighter,  Group-Means. 


Stars  op  Table  I 

Kapteyn-Weersma  Star 

s 

Gal. 

No.  of 

I'm. 

Combined 

No.  of 

Par. 

Mag. 

Gal. 

No.  of 

Par. 

Long. 

- 

Abs. 

Means 

La  . 

Stars 

Abs. 

Lat. 

Stars 

Abs. 

Mag. 

o 

10 

7 

+  0.036 

+0.039 

14.9 

7 

+0.010 

2.77 

-49°.6 

5 

+0.089 

1.84 

44 

7 

+  0.042 

-24.7 

7 

+  0.019 

2.69 

-21.2 

5 

+   .034 

0.98 

71 

7 

+  0.015 

+0.020 

-  15.0 

7 

+  .052 

2.11 

-12.2 

5 

-    .008 

2.14 

89 

7 

+   .025 

-10.0 

7 

+   .052 

2.26 

-   0.4 

4 

+   .054 

1.80 

94 

6 

+   .049 

+~0.048 

-  5.8 

6 

+   .011 

2.43 

+  3.4 

5 

+   .019 

1.88 

133 

7 

+  .048 

+  2.5 

6 

+   .010 

2.42 

+  18.4 

5 

+   .046 

1.32 

172 

7 

+  .037 

+0.040 

+  19.6 

7 

+   .013 

2.53 

+30.8 

5 

+  .098 

2.90 

205 

7 

+   .044 

+  32.1 

7 

+   .067 

2.54 

+  47.2 

5 

+  .023 

2.44 

310 

7 

-    .002 

+  0.034 

+  48.7 

7 

+   .082 

2.54 

+  62.4 

5 

+  .051 

2.12 

336 

6 

+   .069 

+65.4 

7 

+   .032 

2.57 

Total 

44 

Total 

68 

68 
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geneous  series  for  discussion:  while  the  second  division, 
containing  the  remaining  stars,   is  made  up  mostly  of 

proper-motion  stars  and  miscellaneous  stars.  As  it 
happens,  all  the  excluded  stars  are  from  the  second  divis- 
ion. These  two  sets  of  stars  then  will  be  subjected  to 
separate  discussion;  the  number  in  the  former  set  is  68 
and  the  number  in  the  latter  is  4(i. 

In  Table  V  are  shown  the  group-means  of  the  observed 
parallaxes,  from  the  ninth  column  of  Table  I.  for  the  first 
division,  that  of  the  brighter  stars.  Upon  examination, 
the  range  in  magnitude  and  proper-motion  among  these 
seemed  insufficient  to  bring  out  any  corresponding  varia- 
tion in  the  parallaxes.  Accordingly  the  means  are  pre- 
sented here  only  in  galactic  longitude  and  latitude.  In 
the  former  there  is  evidently  no  systematic  variation;  but 
in  the  latter  there  appears  a  curious  flat  minimum  running 


through  three  middle  groups,  while  a  marked  maximum 
appears  in  the  moderate  latitudes,  both  north  and  south, 
falling  away  again  at  high  latitudes.  The  individual 
parallaxes  were  plotted  also.  The  distribution  of  the 
points  indicates  that  the  marked  differences  between  the 
means  are  not  due  to  the  dominance  of  any  few  extreme 
values  in  any  of  the  groups.  For  comparison  similar 
group-means  are  presented  for  the  stars  of  magnitude  3.5 
or  brighter  from  the  Kapteyx-Weers.ma  catalogue  (Pub. 
No.  24),  omitting  four  stars,  «  Can  Maj.,  a  Can.  Min., 
«■  Centauri,  and  a  Aquilae,  which  have  peculiarly  large 
values.  There  is  a  suggestion  in  these  of  the  same  features 
except  that  there  is  a  large  departure  at  high  south  lati- 
tudes; but  the  extreme  southern  group  includes  two 
lather  large  values.  «■  Pi.tc.  Aust.,  +0".138,  and  /3  Hydri, 
+  0".143. 


Table  VI. 

Parallax  St 

ars,  Magnitude  3.5  or  Brighter,  Group-Means. 

Suns  ok  Table  I 

Kapteyn-Weersma  Stars 

Spectral 

Class 

No.  of 

Stars 

Absolute 
Parallax 

Reduction  to 
Genera]  Mean 

Residual 
Parallax 

Reduction  to 
General  Mean 

Spectra] 
Class 

No.  of 

Stars 

Absolute 
Parallax 

Reduction  to 
General  Mean 

B 

A 

F-G 

K-M 

Total 

16 
23 

8 
21 

68 

+  0"0318 

05S6 

+    .0404 

+   .0115 

+o"0038 

-   .0230 

-    .0048 

n_»41 

-0.0087 
+   .0233 
+   .0039 
-    .0276 

+0.0064 

-  .0256 

-  .0062 
+  .0253 

B 

A 
F-G 
K-M 

Total 

10 

9 

10 

15 

44 

+o'.0229 
+    .0630 
+   .0870 
+   .0240 

+0'0263 

-  .0138 

-  .0378 
+   .0252 

Mean  +0.0356 

-0.0023 

Mean  +0.0492 

In  Table  VI.  third  column,  are  presented  the  means  for 
the  stars  of  the  first  division  arranged  in  four  groups  ac- 
cording to  the  character  of  the  spectrum.  There  are 
shown  also  the  corresponding  means  for  the  Kapteyn- 
Weersma  stars  of  Table  V.  The  agreement  between  the 
first  and  third  compartments  of  the  table,  as  regards  the 
respective  reductions  to  general  mean,  is  very  good  on 
the  A  and  K-M  groups;  and  those  are  the  two  which 
have  decidedly  the  greater  number  of  stars  from  Table  I. 


Vet  if  one  makes  the  comparison  for  all  four  spectral 
groups,  there  cannot  be  so  much  confidence  of  significant 
agreement. 

In  order  to  eliminate  all  apparent  systematic  variations, 
whatever  their  nature  may  be,  the  parallaxes  of  Table  I 
for  this  division  were  adjusted  by  subtracting  the  ordi nates 
of  a  simple,  two  maximum  curve  drawn  through  the  points 
representing  the  ten  group-ineans  of  Table  V  in  order  of 
galactic  latitude.     The  group-means  of  these  differences 


Table  VII.     Parallax-Stars  of  Magnitude  3.5  or  Brighter.     Group-Means. 


R.  A. 

No.  of 

Residual 

Decl. 

Xo.  of 

Residual 

Mag. 

No.  of 

Residual 

Parallax 

Stars 

Parallax 

Stars 

Parallax 

h 

0.7 

_ 

+  o".020 

-31.3 

7 

-0*005 

1.77 

7 

-0'.002 

3.0 

7 

013 

-20.8 

7 

-    .015 

2.07 

7 

-    .011 

5.4 

6 

-    .032 

-   7.2 

7 

-    .0  1s 

2.21 

7 

+    .000 

6.5 

7 

+    .0(17 

+  4.9 

6 

+   .026 

2.32 

6 

-    .Ods 

10.4 

7 

+   .020 

+  13.6 

7 

+  .033 

2  43 

i 

+  .010 

13.8 

7 

-    .028 

+  23.3 

6 

+   .004 

2.50 

6 

+   .004 

15.8 

6 

-    .022 

+30.2 

7 

-    .009 

2.64 

< 

-    .013 

17.0 

7 

-    .002 

+39.4 

7 

-    .009 

2.77 

7 

-   .004 

19.2 

7 

+   .008 

+53.3 

7 

-    .014 

2.97 

7 

-    .001 

22.0 

7 

-    .013 

+66  7 

7 

+   .018 

3.17 

7 

+  .003 

Total 

(is 

68 

lis 
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are  presented  in  the  fifth  column  of  Table  VI  for  the  four 
spectral  classes.  In  the  sixth  column  are  given  the  re- 
ductions of  the  group-means  to  the  general  mean  of  the 
four  groups.  These  reductions  also  were  applied  to  the 
individual  parallaxes  for  stars  of  magnitude  3.5  or  brighter 
of  Table  I,  according  to  spectral  class.  The  results  were 
arranged  in  order  of  right-ascension,  declination  and  stellar 


magnitude  and  are  presented  in  Table  VII  as  group-means 
of  the  residual  parallaxes.  It  is  evident  that  there  is  no 
systematic  variation  with  right  ascension  or  stellar  magni- 
tude, but  there  is  a  suggestion  of  such  with  declination. 

In  Table  VIII  are  shown  the  group-means  of  the  ob- 
served parallaxes  from  the  ninth  column  of  Table  I  for 
the  second  division,  that  of  the  fainter  stars,  arranged  in 


Table  VIII.     Parallax  Stars  Fainter  than  Magnitude  3.5.     Group-Means. 


Gal. 

Long. 

No.  of 

Stars 

Par. 

Abs. 

Combined 
Means 

Gal. 

Lat. 

No.  of 

Stars 

Par. 

Abs. 

Prop. 

Mot. 

No.  of 
Stars 

Parallax 

Adjusted 

o 

20 

6 

+0.068 

+  0.062 

-42.8 

6 

+0.079 

0.15 

5 

-o"o.32 

36 
57 

5 
6 

+  .055 
+  .030 

+   .046 

-20.8 
•    1.6 

6 
5 

+   .053 
+   .051 

0.32 
0.50 

6 
6 

+   .001 
-    .024 

104 
136 

6 
6 

+  .063 
+   .059 

+    ,07s 

+  9.3 

+24.8 

6 
6 

+   .032 
+   .053 

0.61 
-  0.69 

5 
6 

-  .016 

-  .027 

163 
210 

5 
6 

+   .096 
+   .016 

+   .046 

+  43.6 

+52,5 

5 
6 

+   .047 
+   .045 

0.75 
0.86 

6 
6 

+   .010 
+   .027 

301 

6 

+   .077 

+69.5 

6 

+   .094 

1.27 

6 

+   .039 

Total 

46 

46 

46 

order  of  galactic  longitude,  latitude,  and  proper-motion. 
The  numbers  in  the  last  column,  corresponding  to  the 
means  in  proper-motion,  are  the  means  of  the  algebraic 
excesses  of  the  individual  parallaxes  over  the  smooth 
curve  drawn  to  represent  the  numbers  in  the  seventh 
column.  There  is  no  apparent  systematic  variation  in 
longitude  but  a  somewhat  regular  increase  either  way  in 
latitude  and  a  rather  marked  increase  with  proper-motion. 
These  fainter  stars,  so  far  as  their  spectral  characters 
have  been  determined,  all  fall  into  two  classes  with  the 
exception  of  one  star.  The  group-means  for  these  are 
shown  in  Table  IX,  and  the  corresponding  group-means 
for  the  brighter  stars  are  appended  for  comparison. 
There  appears  to  be  no  plain  significance  to  these  num- 
bers, and  the  parallaxes  of  Table  I,  for  this  division  of 
stars,  were  adjusted  only  with  reference  to  the  smooth 


curve  just  mentioned  and  also  with  reference  to  a  straight- 
line  drawn  among  the  points  representing  the  proper- 
motion  means  in  the  last  column  of  Table  VIII.  A  slight 
correction  of  +0".0019  to  all  of  these  parallaxes  was 
included  also  in  order  to  reduce  to  the  general  mean  of 
the  algebraic  excesses  of  the  parallaxes  of  Table  VIII, 
seventh  column,  over  the  curve  drawn  with  reference  to 
galactic  latitude.  These  results  also  were  arranged  in 
order  of  right-ascension,  declination,  and  stellar  magnitude, 
and  are  presented  in  Table  X  as  group-means  of  the 
residual  parallaxes.  It  is  evident  that  there  is  no 
systematic  variation  with  right  ascension  or  magnitude, 
but  there  is  a  suggestion  of  such  with  declination  similar 
to  that  in  the  case  of  the  brighter  stars. 

Finally  the  residual  parallaxes  of  both  divisions  of  stars 
were  thrown  together  and  group-means  computed  in  order 


Table  IX.     Parallax-Stars  Fainter  than  Magnitude  3.5.     Comparison  of  Spectral  Group-Mean* 

with  those  Corresponding  from  Table  VI. 


Fainter  Stars 

Brighter  Stars 

Spectral 
Class 

No.  of 

Stars 

Par. 
Abs. 

Reduction 
to  Mean 

Residual 
Parallax 

Reduction 
to  Mean 

No  of 

Stars 

Residual         Reduction 
Parallax          to  Mean 

F-G 
K 

22 
9 

+0.0569 
+   .06S6 

+0.0059 
-    .0058 

-0.0071 
+   .0051 

+0.0061 
-   .0061 

8 
21 

+o"o039     -o"oi57 
-    .0276      +   .0158 

Mean  +0.0628 

-0.0010 

-0.0118 
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Table  X.     Parallax-Stars  Fainter  than  Magnitude  3.5.     Group-Means. 


No.  of 

Residual 

Decl. 

No.  of 

Residual 

Mag. 

No.  of 

Residual 

i;.  a. 

Stars 

Parallax 

Stars 

Parallax 

Stars 

Parallax 

b 

3.1 

6 

+01)14 

-23.8 

6 

-0.011 

3.90 

6 

+  0.01S 

8.2 

6 

-    .020 

-    6.7 

6 

-    .016 

4.68 

5 

-    .015 

9.7 

5 

+   .008 

+  11.0 

6 

-    .002 

5.18 

6 

+   .009 

11.5 

6 

-    .015 

+  25.8 

5 

+   .041 

5.56 

5 

-    .017 

14.6 

6 

+   .011 

+  31.0 

6 

+   .019 

6.02 

6 

+   .001 

18.5 

6 

+   .026 

+  36.5 

5 

+   .017 

6.80 

6 

-    .014 

20.5 

5 

-    .018 

+  43.7 

6 

-    .008 

7.40 

6 

+   .002 

22.5 

6 

-    .021 

+  56.5 

6 

-    .044 

7.88 

6 

-   .027 

Total 

46 

46 

46 

Table  XI.     All  114  Stars  Together.     Group-Means. 


No.  of 

Residual 

No.  of 

Residual 

Gal. 

No.  of 

Residual 

Gal. 

No.  of 

Residual 

R.A. 

Stars 

Parallax 

Decl. 

Stars 

Parallax 

Long. 

Stars 

Parallax 

Lat. 

Stars 

Parallax 

h 

1.4 

15 

+  0.025 

-27.9 

15 

-0.015 

0 

17 

15 

+0.005 

-41.8 

15 

-0.003 

5.1 

14 

-    .013 

-11.8 

14 

-    .024 

46 

14 

-    .002 

-21.2 

14 

-    .003 

N.l 

14 

+    .004 

+  3.4 

14 

+    .006 

76 

14 

-    .020 

-   98 

14 

+   .002 

11.0. 

14 

.008 

+  16.8 

14 

+   .022 

105 

14 

+   .014 

1.2 

14 

-    .010 

14.2 

15 

.016 

+28.6 

14 

+   .023 

137 

14 

-    .004 

+ 15.4 

14 

-    .004 

16.9 

14 

+   .010 

+  35.2 

14 

+   .014 

172 

14 

+   .014 

+31.5 

14 

.002 

19.5 

14 

+    .005 

+  45.7 

14 

-    .006 

234 

15 

-    .01  8 

+  48.4 

14 

+    .001 

22.2 

14 

-    .018 

+  61.5 

15 

-    .013 

328 

14 

-    .003 

+  65.2 

15 

+   .002 

Total 

114 

114 

114 

114 

of  right-ascension  ami  declination.  The  results  are  pre- 
sented in  Table  XI.  The  two  apparent  systematic  varia- 
tions with  declination  blend  in  a  somewhat  striking  varia- 
tion well  smoothed  out.  However,  it  the  group-means 
in  the  sixth  column  of  Tables  VII  and  X  respectively  be 
represented  by  plotted  points  and  straight  lines  be  drawn 
trom  point  to  point  for  each  series  separately,  then  bencat  h 
the  highest  point  of  Table  VII,  the  line  for  Table  X  is  at 
0".000,  and  beneath  the  highest  point  of  Table  X  the  line 
for  Table  VII  is  likewise  at  0".000;  and  the  summits  of 
the  two  series  are  over  16°  apart  in  declination.  It  is 
quite  possible  that  the  combination  is  fortuitous;  and 
it  is  difficult  to  imagine  any  cause  for  such  a  variation, 
especially   as  affecting  extreme  declinations,   north   and 


south,  in  the  same  manner.  In  order  to  test  the  matter 
further,  the  114  residual  parallaxes  were  arranged  also  in 
order  of  galactic  longitude  and  latitude,  thus  employing  a 
very  different  counting  around  the  celestial  sphere,  and 
the  group-means  computed.  The  results  are  shown  in 
the  third  and  fourth  divisions  of  Table  XI.  The  means 
in  order  of  latitude  are  very  small  and  fortuitous,  as  was 
to  be  expected,  while  those  in  longitude  make  no  plausible 
exhibit  of  systematic  variation;  so  that  the  supposed 
variation  with  declination  appears  to  have  broken  up. 
The  effects  of  the  adjustments  of  the  114  stars  in  the  dis- 
tribution of  their  residuals  are  indicated  by  the  counts 
shown  in  Table  XII.  The  absolute  parallaxes  were  re- 
ferred to  the  arithmetical  means  for  the  two  divisions  of 


Table  XII.  Count  of  Residuals  Compared  with  the  Error  Curve. 


Limits  of 
Residuals 

Absolute  Parallaxes 

Residual  Parallaxes 

Error  Curve 

Number  of  Residuals 
Positive          Negative 

Total 

Number 
Positive      Negative 

Total 

Total 

0.000  to  0.050 
0.050  to  0.100 
0.100  to  0.150 

Total 

40                   32 

10                   21 
8                     3 

58                56 

72 
31 
11 

114 

33             13 

IS                  I.", 

2              3 
53            ill 

76 

.S3 
■"> 

114 

83 
28 

111 
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Table  XIII.     Comparison  of  Residual  Parallaxes  with  Reference  to  Difference  of  Stellar 

Magnitudes.     Group-Means. 


Cla 

ss  A 

Class  B 

Differences 

Class  A — Class  B 

4  Dm 

No.  of 
Stars 

R.A. 

Residual 
Parallax 

i  Dm. 

No.  of 
Stars 

R.A. 

Residual 
Parallax 

JDm. 

R.A. 

Residual 
Parallax 

( 'ombined 
Means 

h 

9 

M 

b 

ff 

M 

b 

ff 

+0.09 

7 

1.69 

+  0.033 

-0.18 

7 

2.23 

+0.002 

+0.27 

-0.54 

+0.031 

+0.030 

+0.08 

7 

4.90 

+    .Oils 

-0.41 

7 

5.46 

-    .020 

+  0.49 

-0.56 

+   .028 

+  0.11 

7 

8.63 

-    .036 

-0.26 

7 

8.03 

+   .030 

+  0.37 

+0.60 

-    .066 

-    .036 

+0.13 

7 

11.97 

+   .005 

-0.24 

7 

10.51 

+  .011 

+  0.37 

+  1.46 

-    .006 

+  0.21 

8 

14.74 

-    .033 

-0.19 

7 

13.97 

-    .019 

+0.40 

+0.77 

-    .014 

-    .014 

+0.23 

7 

17.31 

+    .006 

-0.30 

7 

16.83 

+   .019 

+0.53 

+0.48 

-    .013 

+0.20 

7 

19.74 

-    .001 

-0.38 

7 

19.67 

-    .009 

+0.58 

+0.07 

+    .Oils 

+   .010 

+0.14 

Total 

8 

58 

22.95 

-    .005 

-0.25 
Total 

7 
56 

22.11 

-    .017 
Means 

+  0.39 

+0.84 

+   .012 

+0.42 

+0.39 

-0.002 

-0.002 

stars  separately,  whose  group-means  are  given  in  Table  V 
and  VIII  respectively.  The  negative  values  of  absolute 
parallax  seem  to  be  such  as  were  to  be  expected.  Of 
these  the  fourteen  that  exceed  the  general  piobable  error 
±0".031  stand  in  an  almost  regular  gradation,  and  their 
differences,  with  one  exception,  range  only  from  0".001  to 
0".005.  The  largest  negative  parallax,  from  a  solution 
with  two  comparison-stars,  — 0".078  for  star  66^  is  not 
beyond  the  theoretical  limit. 

Another  interesting  and  important  comparison  to  be 
made,  is  that  between  the  observed  parallaxes  of  stars 
having  the  differences  of  apparent  magnitude  between 
the  parallax-star  and  the  mean  of  the  comparison-stars 
with  opposite  signs.  It  has  been  shown  from  the  data 
of  Tables  II  and  III  that  any  systematic  difference  due 
to  differences  of  magnitudes  is  very  improbable  in  the 
present  series  of  observations;  but  it  is  desirable  to  pursue 
this  inquiry  throughout  the  list.  Accordingly  the  residual 
parallaxes  of  all  114  stars  were  divided  into  two  classes 
A  and  B,  those  having  positive  and  negative  values  of 
£  Dm  respectively,  where  \  Dm  is  the  difference  found  by 
subtracting  the  apparent  magnitude  ot  the  parallax-star 


irom  the  mean  of  the  magnitudes  of  its  comparison-stars 
In  order  to  offset  the  preponderance  of  negative  differences 
of  magnitude,  all  of  the  differences  0.00  were  placed  in 
the  class  with  the  positive  differences.  The  group-means 
for  the  two  classes  in  order  of  right-ascension  and  the 
differences  between  corresponding  groups  of  the  two 
classes  are  presented  in  Table  XIII.  The  differences  in 
the  residual  parallaxes  between  the  two  classes,  especially 
as  exhibited  in  the  combined  means,  appear  fortuitous. 

Finally  the  parallaxes  ot  Table  I  were  compared  with 
the  Kapteyn-Weersma  Catalogue  for  the  45  stars  found 
to  be  common  to  the  two  lists  after  excluding  those  whose 
only  determination  came  from  the  First  Series  made  at 
this  observatory.  The  group-means  of  the  differences 
are  shown  in  Table  XIV.  The  predominance  of  minus 
signs  in  the  differences  indicate  that  the  parallaxes  of 
Table  I  are  on  the  whole  more  rational,  and  the  residuals 
of  the  differences  appear  quite  fortuitous;  so  that  here 
there  seems  to  be  no  evidence  of  systematic  departure 
from  the  independently  observed  parallaxes. 

In  the  plot  of  individual  parallaxes  already  referred  to 
in  connection  with  Table  V,  a  horizontal  line  was  drawn 


Table  XIV.     Comparison  with  the  Kapteyn-Weersma  Catalogue  of  Parallaxes.     Group-Means. 


R.A. 

No.  of 

Stars 

Catalogue -Table  I                 toliean 

Decl. 

No.  of 

Stars 

Catalogue  — Table  I                to  Jtfekn 

b 

2.1 

7.5 
11.5 
17.7 
21.5 

Total 

8 
9 
9 
9 
10 

45 

-0.018                    -0.005 

-  .050                     +   .027 

-  .013                    -    .010 

-  .027                    +   .004 

-  .00S                    -    .015 

O 

-  0.6 
+22.9 
+  32.9 
+42.2 

+58.8 

Total 

10 
9 
8 
9 
9 

45 

-0.021                     -0.002 

-  .057                     +    .034 

-  .012                     -    .010 

-  .024                    +   .001 
+   .001                    -    .023 

Mean  -0.0232 

Mean  -0.0226 

58 
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through  the  highest  of  the  eight  points  that  lie  between 
and  20°  in  galactic  latitude.  From  +20°  to  +60° 
there  are  ten  points  above  the  line  or  very  close  to  it,  and 
from  -4°  to  -20°  latitude  there  are  eleven  points  above 
the  line  oi  very  close  to  it.  Beyond  +60°  there  are  seven 
points,  none  of  them  above  the  line,  and  beyond  -20° 
there  are  eleven  points,  none  of  them  above  the  line.  The 
distribution  of  the  twenty-one  stars  whose  points  lie  above 
the  line  or  very  close  to  it  was  examined  in  right-ascension 
and  declination.  In  the  former  they  are  scattered  from 
1\4  to  1A\S  and  in  the  latter  from  -34°  to  +89°.  There 
appears  to  be  no  grouping  among  these  stars  in  position 
unless  it  be  in  the  case  of  the  bright  stars  of  Sagittarius, 
€  ,  A  ,  <r,  and  £.  which  have  a  mean  parallax  in  the  present 
series  of    +0".084.     There  seems  to   be   no  conceivable 


reason  why  a  systematic  observational  error  should  follow 
one  galactic  coordinate  alone:  and.  in  view  of  all  the  com- 
parisons made  in  the  preceding,  it  is  concluded  that  the 
parallaxes  of  Table  I  are  sensibly  free  from  systematic 
error  and  in  general,  therefore,  are  entitled  to  confidence 
within  the  limits  indicated  by  the  accompanying  probable 
errors  of  observation. 

Of  the  45  stars  common  to  the  present  list  and  the 
Kapteyn-Weebsma  Catalogue,  only  14  are  in  the  first 
division  distinguished  above,  of  magnitude  3.5  or  brighter; 
and  in  the  light  of  the  data  herein  presented,  it  seems 
highly  desirable  that  the  determination  of  the  parallaxes 
of  the  2d  anil  3d  magnitude  stars  be  repeated  by 
different  observers  employing  different  methods. 

Madison,  Wisconsin,  1911,  Xovember. 


OBSERVATIONS  OF  COMET  c  1911  {brooks)  AND  COMET/  1911  (qujsnisset), 


MADE    AT   THE    VASSAR    COLLEGE    OBSERVATORY, 

By  CAROLINE    E.  FURNESS. 


l'.Ul  Greenwich  M.T. 


Xo.  of 
Comp. 


Ja 


AS 


App.  a 


A  pp.  S 


logp  A 
Ja  AS 


Reduction  to 
App't  Place 


Sept.  22  13  49  43.27    1     10  12 


Sept.  26  15  43  13.S0 

28  15  18  41.40 

30  12  42  46.59 

Oct.      4  13  50  52.12 

7  13  57     6.62 

9  12  56  14.65 

10  13  41   47.51 


Comet  c  1911     (Broo    - 
'"-16.99        -65.9    |  15  23  37.81  I  +52  19  3S.N    9.8531    0.4689    +0.130 


Comet  /  1911  (Quenisset) 


2 

10     8 

3 

10     S 

4 

10     8 

■5 

10     S 

6 

10     6 

7 

10  10 

8 

10  10 

-1 

1 


-1 


4  55 
30.84 
-37.14 
+45.25 
-36.96 
-53.27 
31. SO 


+  5 
—  5 
-4 
-6 

+4 
+2 


5  1  5 

40.2 

10.0 

23.  S 

48.8 

24.3 

36.6 

14  53  34.92        68  26     7.4    9.8998 


2 
10 


15  21 

15 
15 


44.97 

4. 61» 

0.68 

26  38.21 

29  34.78 


64 
60 
52 


17 
23 
21 


46  46 


29.8 
51.3 
41.1 
12.1 


43  19  39.1 


15  30  56.S0        41  34  50.0 


9.8555 
: 
9.8540 
9.8010 
9.7788 


0.6118 
0.7160 
0.2197 
0.6127 
0.6764 
0.5S51 


9.7649    0.6900 


+0.66 
t-0.94 
-  n  89 
+0.38 
-0.03 
-0.35 
-0.154     -0.51 


-1.159 
-0.812 
-0.554 
-0.170 

-0.027 
-0.112 


WJa  measured  directly. 


Mean    Places  of  Comparison- Stars  for  1911.0. 


Authority 


Cambr.U.S.  AG.  1756 
Christiana  A.G.  2225 
Hels.-Gotha  A.G.8234 
Hels.-Gotha  A.G.8275 


* 

a 

8 

Authority 

5 

6 

7 
8 

b        m       s 

15  20  15.60 
15  27  15.14 
15  30  27.94 
15  32  28  15 

2  28     4.5 

46  41   23.3 
43   17   15.2 
41  29  13.9 

Cambr.  U.S.A.G.    4744 
Bonn  A.G. 

Bonn.  A.G.            10030 
Bonn.  A.G.            10047 
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OF   RADIAL   AND   CROSS-MOTIONS   ON   THE 
ELLIPSOIDAL   THEORY, 

By  H.  RAYMOND. 


If  the  proper-motions  of  the  stars  be  resolved  into  two 
components  v  and  r.  respectively  parallel  and  perpen- 
dicular to  the  direction  of  apparent  solar  motion,  the  cross- 
motion  t  will  be  independent  of  solar  motion.  .Moreover. 
if  the  peculiar  motions  of  the  stars  were  distributed  at 
random  in  all  directions  (spherical  distribution  .  the  mean 
value  of  t  would  vary  from  region  to  region  only  in  pro- 
portion to  the  mean  parallax,  and  would  everywheri 
directly  comparable  with  the  radial  motion  p.  freed  from 
solar  motion.  But  if  the  peculiar  motions  have  a  pref- 
erence for  a  certain  direction,  as  in  the  ellipsoidal  theory, 
proposed  by  Schwarzschild*,  the  mean  cross-motion 
will  obviously  be  one  function  ol  the  axes  of  the  ellipsoid 
and  the  position  of  the  aiea.  and  the  mean  p  another. t 
Professoi  Lewis  Boss  called  my  attention  to  the  desira- 
bility of  finding  expressions  for  these  functions,  and  it  is 
the  object  of  this  paper  to  derive  them  in  convenient  form. 

Let  us  suppose  that  in  a  given  area  of  the  heavens  the 
aumber  of  peculiar  motions  whose  rectangulai  components 
lie  between  u  and  (/  —  du.  r  and  v    -  dr.  w  and  ir  —  du\  is 


1 


A',.  -(.!-«-  J-  ,  fa   fa   ,/u. 


in  which  the  w-axis  is  taken  in  the  direction  of  preferential 
motion  (line  of  vertices),  and  the  r-axis  at  light  an 
both  to  this  and  to  the  direction  of  the  component,  t  or  p. 
under  consideration.  A  and  B  are  the  reciprocals  of  the 
semi-axis  major  and  the  semi-axes  minor  of  the  funda- 
mental ellipsoid,  respectively. 

Let  8  be  the  angle  between  the  direction  of  the  given 
component  and  the  (/-axis.  Rotate  the  system  of  axe- 
about  the  r-axis  through  the  angle  9O°-0,  thus  bringing 
the  axis  of  w  into  coincidence  with  the  direction  of  this 
component.   ■  Indicating  coordinates  leferred  to  the  new 

*  .\  achrichten  v.  d.  Kgl.  Gesellschaft  d.  II' issenschaften  zu  Gottin- 
gen,  Math.-Pkys.  Klasse,  1907.  Heft  5. 

t  See  "  Precession  and  Solar  Motion,  Third  Paper,  by  Prof. 
L.  Boss,   A.  .1.  624,  p.  192. 


axes  by  x,  y,  and  r.  the  number  of  motions  whose  com- 
ponents lie  between  x  and  x  +  dx,  y  and  y  ~  dy,  z  and 

:.  is: 

AV  -  ("--^  +  l>-y-  +  cV  -  -'<"'  x  z)   fjr  fa  (], 

where 

a2  =  .42sin20   -  B2  cos-  6 

62  =  B2 

c2  =  .42cos20  +    B-mi-9 

ad  =  (A2  -  B-)  sin  B  cos  9 
Integrating  (2)  between  infinite  limits  with  regard  to 
x  and  y,  \\  e  have,  as  the  number  of  z's  between  z  and  ; 

a  b 

The  total  number  of  z's  is,  by  integration. 

K    TT3'- 


d: 


(3) 


ah  \/fl2 


d2 


Their  sum.  without  regard  to  sign,  is 


2K.TT 

idi 


f 


ze 


(d--  (-')  z2 


dz  = 


K 


ab  (c2  -  d2) 


Hence. 


mean  z 


or,  putting 


mean  z  = 


V 

*  (c2-d2) 

B2  -  A2 

A2 

1 

^ 


sin"  6  +  B2  cos2 


A2  B2 


B  V~ 


VT 


4> 


Equation  (4)  gives  the  general  form  of  the  functions 
sought.  It  is  moreover  the  best  form  for  the  mean  radial 
motion  p,  for  6  in  that  case  is  simply  the  distance  \  from 
the  region  to  the  vertex.  But  it  is  not  well  suited  to  com- 
putation in  the  case  of  the  cross-motions   r.     Consider, 

(59) 
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theiefore,  the  spherical  triangle  whose  veitices  A,  V,  and 
5  are  respectively  the  apex  of  solar  motion,  the  vertex, 
and  the  center  of  the  area.  Since  the  direction  of  cross- 
motions  t,  or  z,  is  perpendieulai  both  to  the  line  of  sighl 
05  and  to  the  solar  motion  0.1,  the  plane  .10.S'  is  thi 


plane,  and  contains  the  axis  of  y  (v).  The  arc  from  V 
perpendicular  to  AS  meets  it  on  the  axis  of  x,  and  has  the 
length  90°  — 0.     Therefore,  if  we  pur  u>  fo  at  A. 

i/'  for  that  at  S,  .1  V  =  '/.  and  SV  =  x-  we  have  cos2  6  = 
sin2  q  sin2  w 


(5) 


in  which 


mean  t  = 


1 


~  VT  +  e"  sin2  q  sin2  a> 

V     7T   D 


1 


\    -  B 


sin2  </<•  sin2  X-  and 
Vl  +  c2  sin2 1/'  sin2  X 


1 


VwB 


and    «'  sin2  g    are  constants. 


' 


V7  1   +  £-  +    -  nat   log  (e  +V  1   +  e2) 


(6) 


Equation  (4)  shows  that  the  mean  radial  motion  has 
the  same  value  over  a  narrow  zone  described  about  the 
vertices  as  poles.  Introducing  the  notation  p,  for  the 
mean  p  ovei  an  aiea  and  p0  for  the  mean  ovei   the  whole 

1 


sky,  and  putting  C  for  the  constant 

V  TT    B 

P0  =  2  J  Pl  sin  \d  x  ^-  2 J   sin  x  d  x 


we  have: 


'J    V  1  +  e2ar  da; 

0 


In  like  manner,  t,  being  the  mean  t  over  an  area,  and  t0 
the  mean  over  the  sky.  we  have  fiom 


2^  J  T"' 

0 


\/l 


t-  stir  i)  stir  w  d  o> 


=  2C  TT"1  se<-  -/  E  (sin  y)  (7) 

E  being  the  complete  elliptic  integral  of  the  second  kind, 
and  tan  y  =  «  sin  q. 

Table.     pt  a\u  r,  in  Terms  of  C.     Individual  Areas. 


Zone  I.  Lat. 

0° 

Zone  II, 

Lat.  +20° 

Zone  IV 

.  Lat. 

+40° 

Zones  VI, 

VII  Lat,  ±60° 

Area  Long,  oj   1 

vJC 

A  rea 

Long. 

Pi/C 

Area  Long, 

(n/C 

-i  ' 

Area 

Long. 

1 
2 
3 

o 

90 
110 
130 

1.03 
1.22 
1.48 

1.14 

1.09 
1.05 

19 

20 
21 

0 

90 
110 
130 

1.02 
1.19 
1.41 

1.02 
1.01 

1.00 

55  103 

56  129 

57  154 

1.07 
1.26 
1.42 

1.02 
1.04 
1.09 

83 

M 
85 

O 

90 
130 

170 

1  llll 
1.11 

1.20 

1.14 
1.15 
1.23 

4 
5 
6 

150 
170 
190 

1.67 
1.75 
1.6S 

1.01 
1.00 
1.08 

22 
23 

24 

150 
170 
190 

L.V.I 

l  lit; 
1.60 

1.01 
1.06 
1.19 

58  ISO 

59  206 

60  231 

1.45 
1 .32 

1.12 

1.19 
1.32 

1.38 

86 

s7 
88 

210 
251 1 
290 

1.12 

1.00 
1 .08 

1.33 

1  38 
1.36 

7 
8 
9 

210 
230 
250 

1.50 
1.24 
1.04 

1.35 
1.33 
1.22 

25 
26 

27 

210 

230 
250 

1.43 

1.20 
1.03 

1.34 
1.38 
1.33 

61  257 

62  2S3 

63  309 

1.00 
1.10 
1.32 

1.36 
1.32 
1.29 

89 

tin 
91 

330 
10 

.Mi 

1.24 

1.24 
1.09 

1.37 
1.37 
1.24 

10 
11 
12 

270 
290 
310 

1.03 
1.22 
1.48 

1.14 
1.09 
1.05 

28 

29 
30 

270 
290 
310 

1.03 
1.21 
1.45 

1.26 
1.21 
1.16 

64  334 

65  (1 

66  26 

1.4S 
1.51 
1.37 

1.28 
1.33 
1.35 

South 

92 
93 
'.14 

90 
130 
170 

1.01 
1.17 
1.26 

1.38 
1.37 
1.38 

13 
14 
15 

16 

17 
is 

330 

350 

10 

30 
50 
70 

1.67 
1.75 
1.68 

1.50 

1.24 
1.04 

1.01 
1.00 
1.08 

1.35 

1.33 
1.22 

31 

32 
33 

34 
35 

30 

330 

350 

10 

30 
50 

70 

1.63 

1.70 
1.64 

1.4G 
1.23 
1.04 

1.12 
1.09 

1.04 

1.37 
1.09 
1.05 

67  51 

68  77 

1.16 

1.01 

1.07 

1.02 

95 
96 
97 

98 

99 

LOO 

210 
250 
290 

330 
10 
50 

1.17 
1.02 

1.04 

1.17 
1.18 
1 .05 

1 .32 
1.17 
1.13 

1.18 

1 .2s 
1.36 

Means  1  255 

1.219 

Zone  VIII.  Lat.   80 

101  135 

102  225 

103  315 

104  45 

1.01 

1  (III 

1 .03 
1.02 

1.017 

1.28 
1.34 
1.36 
1.30 

l  322 

Mean 

1.400 

1.1  in 

1.361 

1.151 

1.120 

N°  632 


THE     ASTRONOMICAL     JOURNAL. 


61 


In  his  .Second  Papei  on  "Precession  and  Solar  Moiion" 
(A.J..  614),  Professor  Buss  finds,  for  the  apex 

R.A.  270°.52  .  Decl.       34°.28     (1S75.0) 
or  in  Galactic  coordinates, 

Long.  28°.14  .  I.at.   H  22°.57 
where  i  lie  pole  of  the  Galaxy  is  assumed  to  be  at  the  poinl 

R.A.  190°.33  .  Deri.       27°.35 
and  the  origin  of  longitudes  at  its  ascending  node  on  the 
equator  (R.A.  280°.331.     In  an  unpublished  investigation 
he  finds  for  the  vertex 

Long.  170°.75,  Lat.      2°.52 

and  the  ratio  of  the  semi-axes  T  to  .,  as  7  to  4.     With 

A        B 

these  data  one  finds: 

<i  =   L38°.58 

Po=  l-278( 

In  his  paper  in  A.J.  623-624,  Professoi  Boss  divides 
tin-  skj  according  to  Galactic  latitudes  and  longitudes 
into  10s  approximately  equal  areas.     The  accompanying 


c*  = 


E  =  1.363 
t0  =  1.198C 


table  gives  pi  and  t,  in  terms  of  C  for  the  center  of  each  of 
these  areas. 

C  is  the  mean  value  of  the  radial  motions  or  cross- 
motions  when  the  ellipsoid  is  reduced  to  a  sphere  repre- 
senting random  motions, —  the  radius  of  the  sphere  being 
the  semi-axis  minor  of  the  ellipsoid.  The  quantities  under 
Pi/C  and  Tt/C  are  the  numbers  by  which  the  mean  of  the 
radial  motions  and  cross-motions  actually  measured  in 
each  area  must  be  divided  in  order  to  make  them  com- 
parable with  each  other,  allowing  for  the  difference  of 
units.  Thus,  if  we  assume  that  the  mean  of  the  peculiar 
motions  in  each  area  is  the  same,  these  divisors  should 
reduce  the  means  of  the  measured  radial  motions  (freed 
from  solar  motion)  and  cross-motions,  respectively,  to 
equality  for  all  the  areas. 

\- either  px/C  or  t^/C  has  the  same  value  at  diametric- 
ally opposite  points  of  the  sphere,  they  are  not  tabulated 
for  the  southern  areas,  except  for  the  zone  whose  latitude 
is  —  (>0C.  In  that  zone  the  point  diametrically  opposite 
the  center  of  an  area  falls  on  the  boundary  between  two 
northern  areas. 


DISCORDANT  OBSERVATIONS    AND    PROPER-MOTIONS, 

By  ARTHUR    J.   R(  >Y. 


In  the  course  of  regular  work.  1  reobserved  about  the 
epoch  P'OO  the  stars  between  —2°  and  |  1  :  which  had  not 
been  sufficiently  observed  to  give  a  fair  determination  of 
their  proper-motions.     Many  o  tars  had  but  one 

previous  authority  and.  in  many  cases,  further  observa- 
tions were  needed  to  ascertain  if  discordances  were  due  to 
errors  or  to  proper-motions.  Even  with  another  observa- 
tion made  at  San  Luis.  Argentina,  there  are  still  some 
uncertainties. 

As  given  below,  each  authority  is  first  reduced  to  1900.0 
without  systematic  correction  and  where  it  seems  justi- 
fiable, a  roughly  approximate  proper-motion  has  been 
deduced  and  the  positions  corrected  for  these  proper- 
motions  given  in  additional  columns. 


Catal. 


Bonn  VI 
Albany 

S.  L.  ' 


B.I). 

51.1 
99.4 

11.1 


R.A.  1900         / 
■  n  7i)'i     9>".5 


Decl.  1900 


I     6 


19.78 
50.13 
50.12 


Catal.      Date        R.A.  1900 
B.D 


Bonn  VI  56.0 
Albany  99.9 
S.  L.  10.9 


inch       Decl.  1900     />'  incl.Obs 

0°227      'c.7       \ppr.  p.m.  +-.009  -<)".]  : 

Q  '  II  II 

0  29 


h 

1  21 


28.14 
28.38 
28.51 


28.54 
28.38 
28.4] 


24.1  28.5  1 
37.0  37.0  2 
37.8      36.7     1 


B.D.   -1°587     9«.5     Appr.  p.m.  -".01  :     . 
Munich  I    10.9        4     2      22.7-1      22.17)       -1    12        3.8 

Mun.  II     85.0       21.79      21.64       6.5 

Albany      99.9       ...        21.56      21.56       ......         5.2 

S.  L.  ll.l       21.59      21.70       6.2 


B.D.  - 
Bonn  VI    54.1         4 
Albany      99.9       .  .  . 
S.  L.  ll.l       ... 


0     9«. 

4       41.71 
42.35 

42.51 


Appr.  p.m.    +s.()14 
42.35       -  (i  35        8.3 

42.35      33.3 

12.36      32.5 


B.D.    t-0°802     9". 
Bonn  VI    51.1         4  32      30.04 

Ubany      00.0      30.73 

S.  L.  ll.l       30.72 


B.D. 

68.8        4 
LG.  Nic.  85.1 
Albany      99.4 

S.  L.  '        11.1       .  . 


0762      '.)".: 

39       14.21 

1  1.12 

I  1.5! 

14.67 


Gott. 
AG.  Nic. 
Albany 

S.  L.  ' 

Mun.  f 
A.G.  Nic. 
Albany 
S.  L.  ' 


B.D. 

68.8  5 
85.7  .  .  . 
99.4 

11.1 


■0°981     8". 

26  35.43 
35.47 
35.61 
35.75 


+0  10 


+0 


Appr.  p.m. 
14.52       -0 

I  1.57        .... 

14.55  .     . 

14.56  .... 

Appr.  p  hi. 
35.71        +0 
35.60 
35.61 

:  15.65 


42.2 
84.1 
99.6 

11.1 


B.D     +0°205l      !)«.:;     Appr. 
7  37      39.93      in. 5:; 
39.16 

10.17 
40.59 

IOCS 


p.m. 
+  0 


39.62s1 

10.60 

10.56 

lo  59 
*  Probably  1"  too  small. 


41.9 
12.5 

I  1.7 


5.8 
3.9 
3.2 

.010 
30.3 
20.0 
30.2 
30.4 

'.009    - 

26.4 

19.3 

12.4 

6.3 

B.0OS 
10.3 

1  1.6 
15.1 
13.0 
13.2 


incl.  i  lbs. 

...     1 
2 

...     I 


0".50 
10.8 

12.1 
12.1 
11.8 


Mun.  I 
Schjel. 
Albany 
S.  L. 


Mun.  I 
A.G.Nic. 
Albany 
S.L. 


B.D.  -0°2354     9«.l     Appr.  p.m.  H-».015 

15.2  10  26      34.95      35.80  0   19      34.9 

62.3      35.73      36.211       30.9 

99.3      36.06      36.07      31.8 

10.4       36.21       56.05       52.5 


B.D.  - 
44.0      11 
85.3 
99.8 
10.4      ... 


•1°2505     9M.4     Appr.  p.m.    -".032 
12      12.98      11.19       -1  26        6.2 

11.36      10.89       7.5 

10.88       10.87       7.1 

10.61       10.94       7.1 
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Catal.      Date  R.A.  1900    ft  incl. 

B.D.  -  0°2454     "    .7 


Decl.  1900  //incl. i  »bs. 


Bonn  VI    55.3 
Albanv 

S.  L.  '        10.4 


h        n 

11   28 


53.32 
53.06 
53.1S 


Mun.  I 
Bonn  VI 
Albany 

S.  L.  ' 


Bessel 
Mun.  I 
Gott. 
A.G.  Xic. 
Albany 
S.  L. 


B.D. 
41.3      11 

56.2  .  . 

99.3  .  . 

10.4  . 


0°2487     9". 

41  31.21 
11.81 
32.10 
32.02 


-0  Hi 

17 


-0  23 


B.D.   -1°2839     9>-'.0     Appr.  p.m. 


43.4 
68.3 

00.3 

10.4 


13  30 


12.80 
12.91 
12.42 
12.24 
12.05 
11.88 


11.7S 
12.12 

11.98 
12.04 
12.05 

12.02 


1   57 


12.:; 
1.1 
;>.4 


52.3 

59.0 
5<i.:l 
56.9 

'.014  - 
56.2 
53.7 
57.7 

58.2 

G0.4 


0".l: 
63.7 
59.4 
60.9 
57.1 
58.2 
59.4 


B.D.  -0°271,s     9«.5     Appr. 
Bonn  VI    .j.3.4       13  33       22.17       22.71 

.Albany      00.3      22.87      22.S7 

S.  L.  10.4      22.88      22.76 


Mun.  I 
Sch  j  el. 
Albanv 
S.  L. 


Mun.  I 
Mun.  II 
Albany 

S.  1..   ' 


B.D.  - 

1S.S  13 

63.4 
99.9 

10.4 


o°2; 


25      9M.0      Appr. 
20.19       19.27 
19.88      19.22 
Hi. Hi      19.19 
19.06       19.25 


p.m.    - 
-1   10 


5.018  -0".20 
27.il  37.S 
33.5  40.8 
38.0  38.1 
10.7      38.6 


B.D.  -0°2771     9».2     Appr. 

49.4       13  54       41. .31       41.00 

s4.4  41.00       40. si 

40.76       40.75 

10.4  40.76      40.86 


p.m.   -».01: 
-0  39      33.7 
31.1 

30.3 

31.1 


B.D.  -1?2903     10"     Appr.  p.m -0".17 

Mun.  I       43.4       14     0       15.57  -2     6      47.6      56.7 

Mun.  11      35  I                       15.32        53.9      56.2 

Albanv      00.3                      1.3.71            .  55.9      .3.3.6 

S.  1..           10.4                      1.3.71           ...  58.3      56.6 

B.D.  -1°2906     "   .8 

Mini.  I        43.4       14     2       42.11  -138       27.5 

Mun.  II     87.1                      43.00  12.5 

Albany      00.3                      43.13  12.4 

S.  L.  '       10.4      .  .  .          43.12  14.0 

B.D.  -0°2848     6".:;     Appr.  p.m -0".0S 

Mun.  I       4s. 4        14  33      37. s7  -0  24      29.6      33.7 

Scbjel.       63.4  17.4      2().:; 

Mun.  II     s4.4                      37.80  1S.0      16.3 

Albanv      99.4  38.10        10.7      19.7 

S.  L.           10.4               .       38  06  21.7      20.9 

B.D.  -1°2990     9".5 

Mun.  I       43.4      14   1.3        9.35  -1  49        

Mun.  II     S4.4           .             9.19  37.9 

-Albany      00.3       .    .    .         9.33  .31.1 

S.  L.           10.4                        9.38  .32.8 

B.D.  -1°3029     10"     Appr.  p.m.  +-.003   -0".l: 

Mun.  I        13.4       1.3     6      20.26      20.43*  -140      23.3       29.0 

Mun.  II     85.9      19.39       19.43  32.4      33.8 

Albanv      00.3       19.44       16.4  1  33.5      33.5 

S.  I..          10.4      16. 4s       i  :;.3.o      34.0 

*  Probably  1*  too  large. 

B.D.  4-0°3320     •'■■■. ii      \ppr.  p.m.  -B.013 

Mun.  I       47.1       1.3     8      55.01       54.32  +0.22      31.8 

Albanv       66  9                         54.30       34.29  31.0 

S.  L.          10.4      . ....       54.18      54.32  30.9 

III'.    1-0  -J      Appr.  p.m.    +=.007   -0 

Bessel         2.3.          1.3    1.3       18.43        is. 96  ^0  36       64.1        14.6 

Mun.  I       46.2                       18.30       18.68  63.1       46.1 

A.G.  Xic  84.4                      18.53       is. 61  51.3       17..; 

Albanv       69.:;                          ls.r,7        Is. lis  (9.9        19.1 

S.  I..  '        10.4                        is. 79        |s.7_>  15.]        17. s 


p.m.   +'.(112  -0".10 

0   18       40..3       4.5.0  1 

44.0       14.0  1 

1.3.6       44.5  1 


U. A.  1600     ,,  incl.  Decl.  1900  /incl. Obs. 


B.D.  +0°3456     10M     Appr.  p.m. 


-0".14 


Bonn  VI    .3.3.4 
Albanv      ! 
S    1..   '         10.4 


16      1 


12.7:; 
12.26 
12.4.5 


-0   2  1 

26 


Mun.  I 
Albany 
S.  L.  ' 


Bonn  VI 
Albany 

s.  I,.  ' 


Bonn  VI 
Albany 
S.  L.  ' 


Mun.  I 
Albany 

S.  L.  ' 


Mun.  I 
Albany 
s.  L.  ' 


Bonn  VI 
Albanv 

S.  I.. 


Mun.  I 
Mun.  II 

Albanv 
S.  L.  ' 


Mun.  I 
Scbjel. 
Albany 

S.  I.    ' 


Mun.  I 
Bonn  VI 
Mun.  II 
Albany 
S.  L.  ' 


Mun.  I 
Mun.  1 1 
Albany 

S.  L.   ' 


♦.Probably  2'  too  small. 


53.4 

46.6 
4. 5.. 5 


47.1*  1 
46.9  2 
47.0     1 


B.D.      0°3676     9*.2     Appr.  p.m.  - 
48.5       19     8       1.3.20      13.91        -0    14 

i       14.00       13.99       

19.7  13.70      13.97         

B.D.  -0°3s24     9".l 

19  37      37.62        ....        -0  48 

37.18        ....  49 

10.7  37.211         


.025  -0".50 

42.0      67.8  6 

66.6      66.8  2 

73.0      67.7  1 


11.3 
21.0 
21.0 


B.D.  -0°3836     9'-. 7     Appr. 

.56.6        19   40       25.39       2.5.61 

99.6       25.5s       25.59 

10.7        25.67       25.62 


p.m.   - 
-0  53 


B.D.   +0°44.59     9". 4 
43.6      20  11         .5.5.5 
99.6  5.66 

111.7        5.75 


Mun.  1 
Bonn  VI 
Albany 

S.  I. 


B.I).    -Oc4134      9 


47.  8 
5.5.  , 
99.6 
10.7 


20  .52 


.54.54 
.53.50 
.53.27 
53.43 


+0  11 
13 


Appr.  p.m. 
-0  24 


B.D.   +0°4712 
45.3       21    1.5       .57.67 

99.6       .57.61 

10.7  ...  57.77 


-0  38 

3!  i 


13.2 

44.5 
42.6 

.  .  .    -0 ".07 
59.9      63.6 
65.9      69.0 
63.7      63.7 
64.4      63.6 


.52.4 
49.6 
4-.s 


B.D.  - 
54.7  21 
99.7  ... 
10.7       ... 


0°4234     9". 

27         I 

1.72 
2.17 


B.D. 

43.7      21 
si  7       ... 
99.7      .  . 
10.7       ... 


-0°429 ) 

55      50.54 

49.71 

49.11 

.       49.60 


Appr. 


B.D. 


43.9 
62.7 

10.7 


-0°4319     9-' 

6  57.07 
.57.70 
57.77 
57  98 


i     Appr. 

.57.73 
5S.1.5 
.57.,  7 
37  86 


p.m.  s.O: 

-0  24 


p.m.  + 


B.D.  4-0°4856     9". 7 


22    15 


i  .  3 
86.3 

99.7 
10.7 


B.D.    - 
10.7      22 

99.7 

10.7 


30.79 
31.78 

31.16 


L°4300 

23       56. 2s 
I 

.  .       56.16 
.56.22 


Appr. 


+  1    12 


p.m.  .  . 
-1   16 


■  -0M2 
30.4 
33.6      35.4 
36.5      36.5 
37.9      36.6 

.012     . 

27.1 

35.0 

35.8 

15.8 


11.2 
5 
1 .5.6 
13.6 
14.0 

n  .20 
13.5 

:10.5 

; 

31.5      29.4 


B.D.      D°4471     9".4 
Mun.  I        49  3       2,;     5         1.31 

99.7 

S.  L.  1.7s 

B.D.  t°4432 

Bonn  VI    .5  Is      23  20      58 
Albanv       99.7 
S.  L.           !0.9       .  M.:w, 


ii    17 


1.5.7 
16.9 


1 


s.005    -0".13 

34.5  1 

33. s      33.9  2 

35.7      34.3  1 


Appr.  p.m.   +».02S+0'.03 

1.9,5       -0  13      13.7      12.3  1 

1.73       12.4       12.4  2 

1.87       12.1       12.4  1 


Appr.  p.  m.  --.oos  -0\12 

1.72        -0     s      53.7      47.6  2 

1.60  18.4       ls.3  2 

16.1        17.1  1 
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('utal.      Date  R.A.  1900 

B  D.  +  0°50iu     9s 

h  111  S 

Man.  I  49.9  23  25      50.59 

Bonn  VI  54.7       51.09 

Albany  99.7      50.45 

S.  L.  10.9      50.49 


»  incl. 


Decl.  1900  a'  incl.Obs. 


ii  28 


I  1.9 
9.5 

mn 


B.D.  -0°4526     9*.5  Appr.  p.m.   +  8.014  . 

Mun.  I       40.9      23  28        3.95  4.78        -0  18      55.9 

Mun.  II     88.S       4.63  4.79       53.1 

Albany      99.7       4.82  4.S2       54.0 

S.  L.  10.9      1.91  4.7G      54.4 


land.       Date 


Mun.  I 
Albany 
S.  L.  " 


Mun.  I 
Mun.  II 

Vlbanv 

S.L. 


K. A.  1900    ftinssL  Decl.  1900  /  incl.  Obs. 


B.D.  -0°4534     9*8     Appr.  p.m.  -".015  -0".20 


45.4 

99.7 

10.9 


b       ii 
23  30 


44.30 
43.52 

43.34 


13.48 
43.52 

43.50 


B.D.  -I°4470     9».4 

19.8  23  34      44.60 

86.6      44.67 

99.7      44.39 

10.9       44.50 


-0 


Appr.  p.m. 

-16 


58.8  69.7 
us.  I  68.2 
71.2      69.0 


.  .  .  -0".08 
37.4      41.4 

42.7      43.8 
42.9      43.0 

43.ii       42.7 


THE  SECULAR  PERTURBATIONS  OF  MARS, 

By  ERIC   DOOLITTLE. 


The  secular  perturbations  of  Mars  arising  from  the 
action  of  each  of  the  other  planets  except,  the  Earth  have 
been  published  in  the  Astronomical  Journal,  Nos.  574,  579, 
597  and  630.  In  these  computations  Dr.  G.  VV.  Hill's 
first  development  of  Gauss's  method  was  employed,  and 
in  each  case  after  the  work  was  completed  it  was  dupli- 
cated from  the  beginning,  the  forms  of  the  equations  being 
modified  in  the  duplication  when  this  was  possible. 

The  perturbations  arising  from  the  action  of  the  Earth 
were  computed  from  the  following  elements,  adopted  from 
the  "New  Theory  of  Jupiter  and  Saturn,"  panes  192  and 
:,.-,  1 : 


Mars 

The  Earth 

7T  =  333  17  51.74 

it'  =  100  21  39.73 

i  =      1  51     2.24 

i>  =      o    0    0.00 

O  =    48  23  54.59 

iV  = 

e  =  0.09326803 

e'  =  0.01677114 

n  =  689050".  7s  1 

n'  =  1295977".  4 16 

log  a  =  0.1828971 

log  a'  =  0.0000000 

m  =  1 -=-3093500 

m!  =  1 -=-327000 

Epoch  1850.0,  G.M.T. 

The  preliminary  constants  were  found  to  have  the  follow- 
ing values: 

O  I  II 

/  =       1  51     2.24 
n  =  104  53  57.15 
II'  =  231  57  45.14 
K  =  232  57     4.23 
K'  =  232  55  19.79 
log  k  =  p  9.9998596 
log//  =  p  9.9999141 
log  C  =  p  6.4491252 
C  =  +0.00028127116 

The  orbit  of  Mars  was  divided  into  twelve  parts  with 
regard  to  the  eccentric  anomaly;  in  those  cases  in  which 
the  sums  of  the  functions  corresponding  respectively  to 
the  odd  and  even  points  of  division  should  be  in  substantial 


agreement,  this  test  was  satisfied  very  exactly.  The  com- 
pulation was  also  duplicated  from  the  beginning  and  all 
known  test  equations  were  applied.  The  equation  de- 
rived by  Mr.  Innes, 

sin    -/  •  '.  .1,"  +  cos  </'•£„'"  =  0  . 

was  found  to  give  the  residual,  +0.000  000  102. 

The  resulting  values  of  the  differentia]  coefficients  were 
as  follows: 


dt. 

dx 
dt_ 

'dx 

dt 

d& 

dt_ 

dw 
_dt_ 
dL 

dt 


=      + 


7024.3393    m! 


+   749340.69 


in 


104.61082  in' 


747594.66 


748950.76 


I  2175235.9 


log.  coeff. 
p  3.8466055 

p  5.8746793 

p  2.0195766 

n  5.8736662 

p  5.8744532 

p  6.3375064 


If,  finally,  we  adopt  the  value  given  above  for  to',  we 
obtain. 


de 
_dt_ 

dx 
dt 

di 

J'. 
rfn 

dt 
dir 

~di 

dL 

di 


+  0.021481 158 


+  2.2915614 


=      +  0.00031991074 


=      -  2.2862242 


+  2.2903688 


+  6.6520970 
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The  values  found  by  LeVerriek  are  given  in  the  Annates 
de  I'Observatoire  de  Paris.  Vol.  II,  page  59,  and  Vol.  VI, 
page  189;  those  obtained  by  Xewcomb  are  in  the  "Secular 
Variations  of  the  Orbits  of  the  Four  Inner  Planets,"  pages 
336  and  378.  If  these  various  results  are  all  reduced  to 
the  above  value  of  m',  they  will  compare  with  those  here 
obtained  as  follow  in  the  next  column. 

We  may  now  express  the  variations  which  arise  from 
the  action  of  all  the  distrubing  planets  by  the  following 
series  of  equations  below. 


sin  i 


LeVerrier 

lil 
dt_ 

00 

0  02151 

dir 

00 

-  0.21276 

dor 

_dt_ 

00 

-  0.07391 

di 
_dt 

10 

+  0.00030 

~dW 
_dt_ 

DO 

-  6.638 

Xewcomb  Method  of  Gvass 

-  0.02148       +  0.02148116 

-  0.21374        -  0.21361818 

-  0.07379       -  0.07383093 
+  0.00032        -  0.00031991 

+  6.6520970 


Fdel 

+    0.187021547 

+  0.00033567000/*' 

+    0.15813453/*T 

+  0.0062891406/*"1 

Lrf<Joo 

+  15.9526056 

+  0.0061841007/*' 

+  12  176799/*" 

I-  0.66790508/' 

L^Joo 

-    0.293830235 

+  0.000074481672/ 

-    (1.25(354077/ 

-  0.024687281/** 

~d£f 

00 

-  10.55027988 

+  0.014794833/ 

-    8.3142000/*v 

-  0.26298236/*" 

fdir' 

ldt_ 

= 

+  15.9471039 

+  0.0061918174/*' 

r  12.472464/*" 

+  0.66776785 

r-i  = 

-    8.3426041 

0.19401785/*' 

-  18.450874/*" 

-  0.83828212/*vi 

+  0.0007954049/' 

-  0.000014964631/" 

-  0.1  1472856/*" 
+  0.012019862 

-  0.12829557/*" 

-  0.000062453743/*"" 
+  0.30877426/*" 

-  0.0074194879/*™ 

-  0.49488961/*" 
0.012015994/*"" 

-  4.1204933/*" 

-  0.015457573/*™ 


-  0.021481158/*'" 

-  0.00000060S23/m 

-  2.2015614^'" 

f  0.0034075236/*™ 

-  0.00031991074/*'" 

-  0.00010436562/'" 

-  2.2862242/*'" 

-  0.0030229161/*vi" 
2.2903688/*'" 

-  0.0034059472/*™ 

-  6.6520970/*"' 

-  0.00459852550/ 


The  quantities  /,  /*",  **'",  etc.,  are  corrections  to  the 
masses  adopted  l'oi  Mi  ■< ■■<  l  us,  the  Earth,  etc.,  re- 
spectively, and  are  connected  with  the  true  masses,  m', 
m",  m!" ,  etc..  by  the  equations, 

m'  =  m'0  (1  +  /*');  m"  =  m„"  (1  -  /*") :  m'"  =  »»,'"  Q  4-  /*'"), 
etc. 

LeVerrier  has  stated  a  similar  system  of  equations  in 
the  Annates,  Vol.  VI,  page  189.  By  introducing  the  cor- 
tections  necessary  to  bring  the  masses  employed  by  Le- 
Verrier into  accordance  with  those  here  adopted,  ami  by 
treating  the  results  of  Xewcomb  in  a  similar  manner,  the 
three  determinations  will  be  found  to  compare  as  follows: 

The  Fl&wei   Ob       atory,  November  _'!),  1911. 


sin  i 


dt 
djr 

dt 

di' 
J'. 

da' 

dt 
dL 
dt 


LeVerrier 

-  o!l8703 
+  1.48645 

-  0.29375 

-  0.34099 
8.358* 


Method 
of 
Xewcomb  Gauss 

1-0/18706  -  0.1S7022 
-    1.48787  -  1.485355 

-  0.2'  »385     -0.2 

-  0.34066  -  0.340709 
-  S.34260 


*Tbe  value  of  \  j-  \  arising  from  the  action  of  Mercury  was 
not  stated  by  LeVerrier.  The  result  found  by  Gauss's  method. 
(+0M94),  lias  here  been  included  in  obtaining  this  sum. 
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SUNSPOT    OBSERVATIONS. 

MADE    AT    HEliWYN,    PEN'N".,   WITH    A     4J-INCH    REFRACTOR, 

By   A.  W.  QUIMBY. 


New 

Total 

Fac. 

New 

Total 

Fac 

Npw 

Total 

Fac. 

1911 

Time 

Def. 

1911 

Time 

Def. 

1911 

Time 

Def. 

Grs. 
1 

Grs. 

Spots 

Grs. 

Grs 

Grs 

tepots 

Grs 

( 1 1  - 

Grs. 

Spots 

Grs. 

Jan.     4 

S 

1 

1 

fair 

Mar.     9 

8 

1 

1 

2 

good 

May    7 

6 
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7 

1 

fair 

•"> 

8 

1 

1 

" 

10 

8 

1 

2 

2 

■■ 

S 
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— 

1 

5 

1 

a 

(i 

8 

1 

0 

11 

8 

1 

1 

" 

9 

6 

1 

2 

7 

1 

a 

7 

8 

2 

1 

•• 

12 

8 

1 

1 

poor 

10 

6 

— 

- 

- 

1 

i  t 

8 

8 

1 

- 

" 

13 

8 

fair 

11 

6 

- 

- 

— 

9 

10 

1 

poor 

14 
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12 

6 
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1 1 

10 
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fair 

15 

8 

.. 

13 
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- 
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11 
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- 

•• 

16 

8 
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14 
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12 

2 

1 

- 

pool' 

17 
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15 
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1 

ti 

14 

3 
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- 

•■ 

is 

4 

16 

6 
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2 
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12 
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2 

fair 

19 

8 

17 
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OPPOSITIONS-EPHEMERIS   OF   MINOR   PLANET    LEHIGH   (691). 


By  JOSEPH    B.  REYNOLDS. 


Date 

G.M.T. 

App.  R.A. 

1912 

b       m       s 

May 

9.5 

16     3  47.7 

13.5 

0  33.1 

17,5 

15  57  13.3 

21.5 

53  50.4 

25.5 

50  27.1 

29.5 

47     6.5 

June 

2.5 

43  51.5 

6.5 

40  43.9 

10.5 

37  47.0 

App.  Decl. 

O  /  ft 

-10  44   51 

-10  42  17 

-10  40  41 

-10  40 

-10  40  28 

-10  41  59 

-10  44  36 

-10  4s  24 

10  53  20 


3 


log.  J 

0.3689 

0.3665 
O.304S 
0.3640 
0.3640 
0.3650 
0.3667 
0.3693 
0.3726 


Date 
G.M.T. 


1912 

June 


Julv 


14.5 
18.5 
22.5 
26.5 
30,5 
4,5 
8.5 
12.5 


App.  R.A. 


34 
32 
30 

28 


24 
23 


3.3 
34.4 
21.7 
26.6 
26  49.9 
25  32.9 
35.9 
5s  0 


App.  Decl. 

-10  59  45 

-11  7  22 

-11  16  17 

-11  26  28 

-11  37  52 

-11  50  29 

-12  4  15 

-12  19  7 


log.  J 

0.3766 
0.3813 
0.3866 
0.3024 
0.3987 
0.4054 
0.4124 
0.4196 


Opposition,  May  21.     Magn.  13". 3     =f  1"'  =  ±6'. 


OBSERVATIONS   OF   MINOR   PLANET    [1911  N.J.]. 

MADE    WITH    THE     12-INCH    EQUATORIAL    OF    THE    0.  S.  NAVAL    OBSERVATORY, 

By  J.  B.  EPP1  S. 
I  ommunicated  by  Captain  J.  L.  Jayne,  U.S.N..  Superintendent.] 


Date  Wash.  M.T. 


Cornp. 


In. 


zJS 


App.  a 


App.  8 


log  p  -1 
a  8 


Red.  to  Ap.  PI. 


19U             h       m       s 

)v.  21  8  10  27 

1 

25  .  5 

22  8  16     6 

2 

25  .  5 

+  1  31.90 
-1  23.75 


-5  37.1 
1    15.2 


h      m      s 

2  30  33.30 

2  29  50.02 


-20  40  22.1       0.440/i  0,500  51     -22.6 

20  27     0.0      9.419m  0.496  3.53     ■  22.5 


Mean    Places  of  Comparison- Stars  for  the  beginning  of  th   year. 


* 

o                                  0 

Authority 

1 

2 

b      m      a 

2  28  57.89     -  20  45  36.6 
2  31    10.24     +20  29  52.7 

A.G.  Berlin  B.  774 
A.G.  Berlin  B.  784 

Attention  was  called  to  tl  by  the  Harvard  Bulletin  in  No.  4,V 


CORRIGENDUM.— The  elate  in  the  first  line  of  the  second  of  Yexdell's  article  on  Et/\ 
A.J.  No.  029  should  be  1906,  February  3,  instead  of  1003.  February  3. 
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ADDITIONAL    NOTES   ON   THE  61    CYGNI-GROUT.     A.J.  629, 

By   BENJAMIN    BOSS. 


Since  the  publication  of  the  discovery  <)t'  a  community 
of  motion  of  several  stars  of  large  proper-motion  in  A.J. 
629,  I  have  been  engaged  in  a  search  for  possible  additional 
members  of  the  group  among  the  stars  of  the  P.G.C.  whose 
centennial  proper-motions  lie  between  20"  and  80".  Among 
these  stars  are  sixty-three  whose  observed  position  angle 
of  proper-motion  agrees  within  7°  with  the  position  angle 
computed  on  the  supposition  of  a  convergent  at  R.A.  = 
99°  9',  Decl.  =   +  0°.5. 

Of  these  sixty-three  stars,  the  deviation  in  position  angle 
of  forty  amounts  to  3°. 5  or  less,  and  among  the  sixty-three 
there  are  twenty-five  stars  whose  observed  position  angle 
agrees  within  2°  with  the  computed  position  angle.  ( >n  the 
supposition  of  random  motion  only  twenty-four  of  the 
six  hundred  treated  should  converge  within  7°  of  any  given 
convergent,  whereas  sixty-three  were  found  to  converge 


within  these  limits;  only  twelve  should  converge  within 
3°. 5.  instead  of  the  observed  forty;  and  only  seven  should 
converge  within  2°,  instead  of  the  observed  twenty-five. 

But  there  is  a  strong  preference  for  motion  in  two  di- 
rections among  stars  of  large  proper-motion,  making  it  a 
very  difficult  matter  to  say  just  what  proportion  of  stars 
of  large  proper-motion  should  converge,  within  any  given 
limits,  upon  a  given  point  on  the  celestial  sphere. 
Therefore  it  maybe  that  the  observed  pi  oportion  of  stars 
converging  within  the  given  limits  in  this  case,  is  in  no 
way  unusual. 

However  there  are  six  stars  among  them  which  may 
belong  to  the  61  Cygni  group,  and  one  star  P.G.C.  4950 
with  a  centennial  proper-motion  of  96".  1  which  was  not 
included  among  the  stars  in  A.J.  029.  These  stars  are 
given  in  Tables  I  and  II. 


P.G.C.  No. 

Name 

314 

8  Cassiop 

18.57 

L  2673 

1972 

<r  Puppis 

2657 

L  4059 

33S3 

£  Virg. 

4246 

£  Here. 

4950 

Br  2452 

Mag. 

H 

2.6 
5.1 
2.9 
5.1 
2.8 
2.8 
5.4 


Type 

A, 

A-2 

A', 

K 

K 

G 

Gb 


Table    I. 
R.A.187S 

h        in 

1  17.6 

7  7.4 

7  25.3 

9  48.6 

12  56.0 

16  36.6 

19  19.0 


The  first  column  in  Table  I  gives  the  number  of  the  star 
in  the  Preliminary  General  Catalogue  of  6188  stars.  The 
column  headed  m0  gives  the  centennial  proper-motion  of 
the  star:  8  the  observed  position-angle  of  proper-motion; 
0C  the  position  angle  of  the  convergent  at  R.A.  =  99°  9'. 
Decl.  =  +0°.5;  and  the  column  C-0  gives  the  difference 
6,.-6. 

In  Table  II,  J  represents  t he  distance  of  the  star  from 
the  convergent  point,  while  the  next  columns  give  the 
observed  and  computed  radial  velocities,  with  their  differ- 
ence in  the  column  headed  C-O. 

The  agreement  of  observed  with  computed  position 
angle  of  proper-motion  in  Table  I  is  about  like  the  agree- 
ment of  these  quantities  in  A.J.  629,  with  the  exception 


Decl.  1S75 

+59°  35 
-48  44 
-  43  3 
-25  21 
^11  38 
+31  50 
+  11   41 


,"u 

30.8 
19.7 
19.1 
21.1 
27.0 
60.1 
96.1 


P.G.C.  No. 

314 
1S57 
1972 
2657 
3383 
4246 
4950 


84.4 
49.7 
44.9 
53.0 
94.11 
137.0 
163.9 


98.8 
354.2 
341.7 
2S5.9 
274.1 
310.1 

49.2 

Table    II. 

Obs. 

p 

km. 

+   9.+ 
+  64.4 

* 

+53 

- 12.5 

t 
-96 


98.6 
349.9 
342.6 
291.6 
271.5 
312.8 

41.5 


( 'omp. 

p 

km. 

+  9.3 
+  61.4 
+  67.3 
+  57.1 
-  7.7 
-  69.5 
-91.3 


C-O 

-0.2 
-4.3 
+0.9 
+5.7 
-2.6 
+  2.7 
-7.7 


0-0 

0. 
-3.0 

+4.1 

is 

+  4.7 


*  L.O.B.  Ill,  p.  111.  Variable  Velocity.  Limits  of  variability  so 
far  observed  +87  to  + 103. 

t  L.O.B.  I,  p.  159.  Belopolsky  1893,  -70  4;  Campbell  1897-8, 
-70.1;  Newall  1897-9,  -71.4;  Lick  1901-2,  -74.(3.  Vis.  bin. 
thirty-three  years. 
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of  P.G.C.  4950.  However  the  larger  disagreement  in  this 
case  might  readily  lie  attributed  to  its  proximity  to  the 
divergent  point,  being  but  16°  away  from  it. 

The  agreement  of  radial  velocities  in  Table  11  is  very 
fair  also.  I  am  again  indebted  to  Prof.  W.  VV.  Campbell 
of  Lick  Observatory  for  furnishing  me  with  the  radial 
velocities  of  stars  .'il4.ls.~>7.  and  2657.  He  also  furnished 
me  with  the  velocities  of  twelve  other  stars  suspected  of 
membership  in  the  61  Cygni  group.  In  the  case  oi  the 
twelve  latter  stars,  their  radial  velocities  at  once  removed 
them  from  possible  membership  in  the  group. 

Star  1972  is  a  spectroscopic  binary,  with  a  limit  of 
variability,  as  far  as  observed,  extending  from  !  87  km. 
to    +  103  km. 

Star  424G  is  a  visual  binary  with  a  period  of  thirty-three 
years.  There  have  been  four  independent  measures  of  its 
radial  velocitv.     Belopolsky  in  1893  obtained  the  value 


-70.4  km.;  Campbell  in  1897-8, —  70.1  k.m;  Newall 
in   1897-9,-71.4  km.;    and  Lick  in  1901-2.  —  74.0  km. 

The  parallaxes  of  three  of  these  stars  are  given.  The  ob- 
served parallax  of  e  Virginia,  according  to  Flint,  is  —".03, 
while  the  computed  parallax  is  ".013. 

But  £  Herculix  is  given  an  observed  parallax  of  +".178 
b\  Smith  and  +".105  by  Russell,  while  its  computed 
parallax  amounts  to  only  ".044. 

Star  1950  is  given  the  following  observed  parallaxes 
+".068  by  Peters;  +".018  by  Flint;  +".028  by  Chase: 
and  +".105  by  Schlesingee.  Its  computed  parallax  on 
the  hypothesis  of  stream  motion  is  ".17. 

While  in  the  case  of  the  two  latter  stars  the  discrepancy 
between  observed  and  computed  parallax  would  seem  to 
exclude  them  from  membership  in  the  group,  it  must  be 
remembered  that  a  large  element  of  uncertainty  attaches 
itself  to  parallax  determinations. 


T 

M-.i.i; 

III. 

°.G.C. 

Name 

Mag. 

Type 

R. 

\.  [875 

Decl. 

L87S 

,".. 

a 

n. 

c-o 

P 

."<• 

A 

h 

n 

S 

O 

' 

K 

0 

O 

: 

km. 

O 

86 

Br  34 

0.7 

F 

0 

22 

56 

+76 

20 

33.6 

93.1 

86.6 

-6.5 

-  0.6 

90.4 

377 

L  49. V 

6.2 

G, 

1 

35 

4 

-56 

50 

28.5 

75.2 

77.4 

+  2.2 

+  12.4 

82.5 

667 

Br  412 

6.0 

F 

2 

50 

56 

+  20 

10 

22.4 

98.4 

102.4 

+  4.0 

+  49.6 

58,5 

948 

Pi  251 

5.7 

As 

4 

0 

28 

-28 

0 

22.4 

62.8 

59.4 

-3.4 

+64.8 

47.0 

1400 

y  Mensae 

5.2 

K 

5 

36 

51 

-76 

26 

31.6 

17.1 

15.3 

-1.8 

Bin. 

+  20.9 

77.3 

1767 

L2492 

5.1 

F 

6 

46 

23 

-46 

29 

35.7 

357.9 

356.6 

-  1.3 

+  64.S 

47.0 

1823 

L  2646 

5.1 

K, 

7 

0 

3 

-67 

45 

24.4 

351.7 

353.7 

+2.0 

+  35.2 

68.3 

2427 

L  3661 

5.2 

F 

8 

56 

20 

-58  36 

32.6 

326.1 

320.9 

-5.2 

Bin. 

+  39.8 

65.2 

2563 

i  Cham. 

5.5 

F, 

9 

28 

14 

-80 

15 

19.4 

310.8 

316.7 

+5.9 

+  10.9 

83.4 

2717 

Br  1419 

7.6 

10 

7 

31 

-  6 

46 

18.8 

277.7 

275.8 

-1.9 

^57.0 

53.1 

2803 

L  4336 

5.1 

F 

10 

26 

31 

-53 

5 

44.2 

294.5 

297.3 

+  2.8 

+  30.0 

71.6 

2943 

Br  1534 

7.8 

10 

5S 

35 

+  25 

53 

40.6 

258.7 

259.2 

+0.5 

+35.8 

67.9 

3292 

t  Cent. 

4.0 

a\ 

12 

30 

53 

-47 

51 

19.6 

265.3 

271.4 

+  6.1 

+  1.1 

89.3 

3353 

Br  1718 

6.4 

G 

12 

46 

47 

—  2 

52 

25.9 

267.6 

270.4 

(  2.8 

-  4.3 

92.6 

33X5 

Pi  255 

6.2 

F 

12 

56 

54 

+  64 

17 

17. 6 

278.5 

274  x 

-3.7 

-  2.9 

91.7 

3785 

Gr.  2152 

6.3 

F 

14 

44 

12 

+38 

20 

27.3 

293.3 

291.5 

-  1.x 

-38.9 

114.2 

3795 

Gr.  2154 

5.6 

K 

14 

45 

34 

37 

47 

22.8 

292.4 

291.6 

-0.8 

-  39.5 

114.6 

3869 

Pi  5 

7.4 

G 

15 

6 

11 

-24 

50 

39.9 

259.1 

252.7 

-  6.4 

-  52.7 

123.7 

3940 

P  Cor.  Bor. 

3.7 

FP 

15 

22 

41 

i  29 

32 

18.7 

2114.4 

294.1 

-0.3 

Bin. 

-54.4 

124, 'J 

4511 

Br  2243 

5.2 

A 

17 

46 

5 

.Mi 

49 

20.7 

347.2 

34+0 

-3.2 

.".7  9 

127.6 

4570 

L  7507 

6.0 

F6 

17 

56 

42 

-73 

11 

22.9 

196  5 

190.4 

-6.1 

-27.0 

106.5 

4568 

y  Sayill. 

2.8 

K 

17 

57 

47 

-30 

25 

20  2 

196.4 

198.9 

Bin. 

S1.2 

148.7 

1953 

8  Aqvil. 

3.4 

F 

19 

19 

12 

+  2 

52 

26.7 

73.7 

72.6 

1.1 

Bin. 

-93.2 

168.8 

5032 

Pi  230 

5.6 

A 

19 

36 

26 

- 15 

15 

23.8 

1  10.3 

1346 

—  5.7 

SS.6 

158.8 

5336 

e  C  i/i/ ni 

2.5 

K 

20 

41 

9 

+  33 

30 

48.5 

lx  7 

47.2 

1.5 

Bin. 

67  1 

135. 2 

5365 

Br  2702 

5.1 

At 

20 

45 

39 

+  43 

35 

18.0 

45.4 

42.2 

3.2 

5,  .6 

127.3 

5440 

L  S719 

5.5 

Ft 

21 

5 

3 

-39 

56 

23.2 

126.6 

133.4 

li  s 

-52  9 

123  8 

5  5  5  'J 

Br  2S16™ 

7.2 

21 

33 

5 

-  0 

37 

23.9 

86.9 

89.9 

68.2 

135.9 

5703 

6  Pegasi 

3.7 

A 

22 

3 

54 

+  5 

35 

27.9 

S3  1 

S5.0 

+  1.6 

Bin. 

58.4 

127.'.' 

5721 

Br  2926 

5.5 

Ft 

22 

7 

IS 

+  56 

13 

27.2 

62.7 

57.4 

-5.3 

-31.4 

109.3 

5786 

Br  2957 

6.1 

F 

22 

20 

16 

+  3 

45 

29.8 

82.1 

86.9 

-  1.8 

-53.1 

124  0 

5894 

a  Pegasi 

5.3 

F 

22 

26 

4 

+  9 

10 

51.9 

85.5 

83.6 

-1.9 

-50.4 

122.4 

5917 

Br  303,5 

5.7 

K 

22 

51 

20 

H  20 

6 

21.3 

76.7 

79.8 

+3.1 

39.3 

114.4 

5977 

Dpi  2803 

8.0 

23 

7 

33 

-  9 

36 

56.0 

94.9 

93.4 

-1.5 

-35.6 

112.0 

6020 

Br  3109 

6.9 

F, 

23 

17 

39 

+  31 

51 

23.7 

80.0 

78.8 

-1.2 

-26.S 

106.4 

6129 

Pi  21  x 

6.7 

K 

23 

46 

20 

+  74  51 

33.3 

81.3 

77.7 

-3.6 

-  4.7 

92  S 

3 

Br  3210'" 

(C.6 
i7.6 

F 

23 

59 

44 

+57 

44 

26. 7 

82.3 

81.9 

-0.4 

-  7.4 

94.5 

4 

L  9721 

6.0 

G 

23 

59 

50 

-49 

46 

53.4 

91.x 

96.7 

+  1.9 

-  10.4 

96.3 
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Since  the  publication  of  the  61  Cygni  group  in  A.J.  629, 
Flint  (A.J.  631)  has  published  parallaxes  for  two  of  the 
stars  whose  parallaxes  were  given  in  that  paper.  For  8 
Trianguli  lie  obtains  two  separate  results  of  ,-".070  and 
—  ".151.  while  the  computed  value  was  ".06.  For  XAurigae 
he  obtains  a  value  of  +".077  while  the  computed  value 
amounts  to  ".06.  These  are  in  somewhat  better  agree- 
ment than  the  observed  values  given  in  A.J.  629. 

In  Table  III  are  included  all  those  stars  whose  proper- 
motions  are  included  between  20"  to  SO"  per  century,  and 
whose  observed  position  angle  of  proper-motion  agrees 
within  7°  with  the  computed  position  angle  necessary  to 
briny:  them  to  convergence  at  1!  V  99°  9',  Decl.  =  +  0°.5- 
The  stars  printed  in  Table  1.  and  the  twelve  stars  whose 
radial  velocities  exclude  them  from  membership  in  the  61 
Cygni  group,  have  not  been  included  in  Table  III.  The 
headings  for  Table  III  are  the  same  as  those  tor  Table-  1 
and  II  combined.  Some  of  these  stars  are  very  probably 
members  of  the  61  ■  'ygm  group,  but  must  await  the  deter- 
mination of  their  radial  velocities  before  they  can  definitely 
lie  accepted  or  rejected. 

It  was  not  deemed  wise  to  pursue  the  limit  tor  possible 
members  of  this  group  among  stars  whose  proper-motions 
are  less  than  20"  per  century.  But  there  may  be  such, 
especially  in  the  neighborhood  of  the  convergent  and 
divergent  points  of  the  group,  where  that  component  of 
the  true  motion  represented  by  proper-motion  would  be 
at  a  minimum.  However  it  would  perhaps  be  best  to 
await  determinations  of  radial  velocities  in  these  regions 
to  secure  additional  members  of  the  til  ( 'ygni  group.  Also 
as  the  stars  of  this  group  are  of  the  later  types,  whose 
intrinsic  brightness  is  relatively  fainter  than  that  of  the 
early  type  stars,  it  may  bethata  search  among  faint  stars 
of  large  proper-motions  would  discover  additional  mem- 
bers of  the  group. 

Very  unfortunately  the  position  of  the  vertex  of  pre- 
ferential motion  as  printed  in  A.J.  629  is  incorrect.  In 
transposing  from  Galactic  coordinates  to  right  ascension 


and  declination,  the  minus  latitude,  (  —  2°. 5),  of  the  vertex 
was  taken  as  a  plus  latitude.  The  correct  position  of  the 
vertex  is  R.A.  =  6h  15m2.  Decl.=   +  7°.0. 

Using  this  value  for  the  position  of  the  vertex,  and 
allowing  20  km.  per  second  for  solar  motion  directed  at 
R.A.  =  lSh2"M,  Decl.  =  +34°.28,  the  position  of  the 
true  mean  stream  line  freed  from  solar  motion  of  the  61 
Cygni  group  is  directed  toward 


R.A.  =  100°  56',    Decl. 


->,  9°  20' 


This  is  onlj  7°. 4  distant  from  the  vertex  of  preferential 
motion. 

Also  the  true  velocity  of  the  group  in  space,  freed  from 
solar  motion,  is  NO. 5  km.  per  second. 

It  was  the  large  true  velocity  of  the  individual  members 
of  this  group  which,  combined  with  the  agreement  of 
position  angle  of  proper-motion  and  radial  velocities,  made 
it  most  probable  that  there  was  a  real  group  motion.  As 
far  as  our  present  knowledge  of  the  motions  of  the  stars 
extends,  a  true  velocity  of  SO  km.  is  a  rare  occurrence. 

When  dealing  with  considerably  smaller  velocities,  it  is 
a  more  difficult  matter  to  distinguish  between  accidental 
and  real  grouping  of  stars. 

For  instance  Tables  IV  and  V  exhibit  a  list  of  stars  whose 
position  angle  of  proper-motion  and  whose  radial  velocities 
agree  very  fairly,  on  the  assumption  of  group  motion  to- 
ward the  same  apparent  convergent  as  the  61  Cygni  group. 
There  aie  ten  stars  in  this  list  whose  computed  radial  velo- 
cities agree,  ami  two  other  spectroscopic  binaries  whose 
range  of  variability  so  far  indicates  that  the  velocity  of 
their  center  of  gravity  may  approximate  the  computed 
values.  The  radial  velocities  of  stars  314.  629.  631.  1486, 
350S, am  1  355S  were  among  those  most  obligingly  furnished 
by  Professor  Campbell,  and  an  identical  radial  velocity 
of  star  3508  had  previously  been  furnished  me  by  Professor 
FftOST.  The  close  agreement  of  this  hypothetical  group 
velocity  with  that  of  the  Taurus  group,  and  the  fact  that 
the  convergent  of  the  Taurus  group  is  but  a  short  distance 


Table   IV. 

P.G.C. 

Xarae 

Mag. 

1' v  pe 

R.A.  187.5 

Decl.  1875 

Po 

8, 

",■ 

C-O 

314 

8  Cnssio j i 

M 

2.6 

A , 

h 

l 

111         S 

17  39 

I  59  35 

30.8 

m.8 

98.6 

-0°2 

372 

Pi  142 

5.3 

F 

i 

34   11 

11  59 

81.9 

99.9 

99.4 

-0.5 

629 

pCeti 

1.3 

-L 

2 

38  11 

9  35 

28.6 

95.8 

95.0 

-0.8 

631 

Br.  390 

4.6 

F, 

2 

39  16 

-19     6 

33.0 

82.0 

78.5 

-3.5 

812 

k  Rrtic 

4.9 

F, 

3 

27   12 

-63  23 

52.2 

44.8 

50.4 

+  5.6 

Use, 

I.  2106 

4.6    ' 

K 

5 

53     9 

-63     8 

56.3 

13.7 

12.1 

-1.6 

2354 

€  Hydrae  m 

3.4 

F. 

8 

40     9 

+   6  53 

19.3 

254.1 

259.6 

+5.5 

350S 

I  Virg. 

3.3 

.1, 

13 

28  19 

+  03 

28.5 

277.3 

270.5 

-6.8 

3558 

r  Bootis 

4.6 

Fl 

13 

41    19 

+  1S     5 

4S.3 

273.4 

275.6 

+  2.2 

3940 

P  Cor.  Bor. 

3.7 

Fp 

15 

22  41 

+  29  32 

18.7 

294.4 

294.1 

-0.3 

4665 

A  Sagitt. 

2.7 

K 

18 

20  15 

-25  29 

19.6 

193.3 

189. 6 

-3.7 

4953 

8  Aquil. 

3.4 

F 

19 

19  12 

+   2  52 

26.7 

73.7 

72.6 

-1.1 

59SS 

y  Pise. 

3.8 

K 

23 

10  41 

+   2  36 

75.5 

88.7 

ss.4 

-0.3 
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from  that  of  the  61  Cygni  group,  led  me  at  first  to  suppose 
that  those  stars  might  belong  to  the  Taurus  group,  but  the 
test  gave  a  negative  result.  The  position  of  the  apparent 
convergent  of  the  Taurus  group  is  at  R.A.  =  91°  48', 
Decl.  =  +  6°  56'.  while  the  apparent  convergent  of  the 
hypothetical  group  in  Table  IV  is  at  R.A.  =  99  '.>'.  Decl. 
=    +0°.5. 

When  allowance  has  been  made  for  solar  motion,  the 
Taurus  group  is  found  to  be  actually  moving  toward 
R.A.  =  92°  32',  Decl.  =  +29°  38'  with  a  true  velocity  of 
33  km.  per  second,  its  distance  from  the  vertex  of  pre- 
ferential motion  being  22°. 7. 

There  will  be  a  far  greater  proportion  of  stars  whose  true 
velocity  amounts  to  30  km.  per  second,  than  those  stars 
whose  true  velocity  is  SO  km.  per  second.  The  Tun;  us 
group  proper  is  an  undoubted  case  of  stream  motion,  but 
in  the  case  of  the  stars  given  in  Table  IV  it  is  a  difficult 
matter  to  determine  whether  such  a  list  has  anv  real  mean- 


Table    V 

Obs. 

( 'ump. 

P.G.C. 

A 

f> 

P 

C-C 

O 

km. 

km. 

314 

84.4 

+  9.± 

+   4.4 

-4.6 

372 

79.0 

+  8.6 

+  4.9 

-3.7 

629 

60.0 

+  25.7 

+  22.5 

3.2 

631 

61.4 

+  25.5 

+  21.6 

-3.9 

SI  2 

72. S 

+  12.3 

+  13.3 

+  1.0 

I486 

64.2 

+  25.4 

+  19.  ti 

-5.S 

2354 

31.5 

+  37.7 

+  38.4 

+0.7 

3508 

102.9 

-   7.+ 

-10.1 

-3.1 

3558 

105.2 

- 15.4 

-11.8 

+3.6 

3940 

124.9 

* 

-25.8 

4665 

154.7 

-43.2 

-40.7 

+  2.5 

4953 

168.S 

t 

-44.1 

5988 

111.4 

-13.7 

-16.4 

-2.7 

*  Spectroscopic  binary. 

Observed  limits  of  variability    -15  km 

to   -33  km. 

t  Spectroscopi 

c  binary. 

Observed 

imits  of  variability   -2  km 

to   -35  km. 

- 

ing  or  not.  However  when  the  radial  velocities  of  the 
stars  in  Table  III  have  been  determined,  there  may  be  a 
considerable  addition  to  the  list  of  stars  in  Table  IV,  as 
twelve  of  the  stars  in  Table  IV  were  selected  from  only 
thirty-three  stars  whose  radial  velocities  were  known. 

On  page  35  of  A.J.  629.  I  made  a  statement  that  the 
Taurus  group  is  mainly  composed  of  stars  of  type  A.  the 
reference  being  to  the  paper  by  Prof.  Lewis  Boss  in  A.J. 
604,  where  out  of  forty  stars  whose  spectra  are  given,  27 
are  of  the  A  type  and  only  13  of  later  types.  Since  then 
my  attention  has  been  called  to  Professor  Hertzsprum.'- 
work  in  Potsdam  Publications  (Vol.  22.  Part  1,  page  28) 
where  Hertzsprung  finds  that  the  stars  of  faint  magni- 
tude, identified  by  Kapteyn  and  those  he  added  himself 
as  belonging  to  the  Hi/ades  group,  are  mainly  of  later  types 
than  the  A  type. 

The  very  nature  of  the  Taurus  group,  a  globular  cluster 
of  stars  covering  a  very  limited  area  of  sky.  and  sharing  a 
common  motion,  would  rentier  it  most  probable  that  these 
>tar~  originated  at  approximately  the  same  time.  If  this 
is  the  case,  the  widely  differing  types  in  the  group  would 
seem  to  indicate  that  the  stars  of  later  types  in  the  group 
have  developed  more  rapidly  than  the  A  stars.  To 
account  for  such  a  phenomenon  it  is  very  natural  to  sup- 
pose that  these  stars  of  later  types  must  be  actually  smaller 
than  the  stars  of  type  A  in  the  group,  and  therefore  de- 
veloped more  rapidly. 

If  this  view  is  correct,  and  we  have  stars  of  widely 
different  mass  sharing  a  common  motion,  the  suggestion 
af  Dr.  Halm  that  stellar  velocities  are  subject  to  the  law 
of  equipartition  of  energy  would  seem  to  be  at  fault. 

The  rapid  development  of  small  stars  might  account  in 
part  for  the  small  velocities  of  many  of  the  stars  of  later 
types.  This  has  seemed  to  support  a  three  drift  hypo- 
thesis (one  of  these  drifts  being  apparently  a  parallactic 
drift  of  stars  having  small  peculiar  motions)  instead  of  the 
two-drift  hypothesis  proposed  by  Kapteyx. 


NOT  A   GEMIXOliUM  NO.  2. 


On  March  13,  1912  a  cablegram  from  Kiel  announced 
the  discovery  of  a  nova  of  the  fourth  magnitude  near  Eta 
Geminorum,  by  Enebo  at  Dombaas,  Norway. 

The  position  was  later  corrected  by  the  substitution  of 
Theta  Geminorum  for  Eta  Geminorum. 

On  March  13  Harvard  found  hydrogen  lines  dark  and 
well  defined,  spectrum  class  F5. 

On  the  same  date  Hussev  found  the  spectrum  re- 
sembling that  of  Nova  Aurigae  and  Nova  Persei.  recession 
5  k.ni. 


March  14  Harvard  noted  change  to  bright  lines. 
.Magnitude  increased  to  about  a  maximum  of  3.5  on 
March  14. 

Positions  determined: 


March  13   aapp.         0  49  12.47  tfapp.         +32   15  17  Stromgre.y 

13   a  (1912.0)      49  11.S7  5(1912.0)            15  6      Habtwig 

"       10           "              49  11.74           "                    15  6.1      B.  Boss 

"       18           "              49  11.  SO          "                    15  5.9      Porter 

"       25          "             49  11.86          "                   15  5.5      Porter 
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1906. 0s_' 
7.024 


/3  12755 

0h  lra 

355°.3 
356.1 


DOUBLE   STAR   MEASURES, 

WITH    THE      10^-INCH     EQUATORIAL     OF    THE   UNIVERSITY  OF  MINNESOTA.  MAGNIFYING   POWER    600 

By  F.  P.  LEAVENWORTH. 

2  3062  1 5 1 2     2  333  41 22     2  1 1 10 

+  57°  53'  2h53">      +20°  56'  7    28m      +-32°  0' 


1.55 
1.50 


7.0 
6.5 


1907.003      355.; 


1907.848 
7.851 


151 

0h  16m 
282.3 
2S3.1 


1.52      6.S 

A.C.  1 

+32°  26' 
1.06      7.5 
1.11       7.5 


1907.S50      282.7 


1906.909 

7.024 


420 

0h  42"' 

170.8 

173.0 


1.08 

ft  4!  14 
-1°47' 
1.12 
1.15 


i  .■> 


8.5 
8.5 


1906.966      171.9        1.14      8.5 


1906.975 

6.983 

7.H24 
7.032 
7.109 


426 
0»  43'" 
232.3 
234.5 
23  4.  s 
232.8 
233.5 


Z  60 

+  57°  17' 
5.92 
5.90 
6.13 
5  i ',7 
6.13 


1907.025      233.6        5.95 


1906.029 
6.073 
6.S65 
6.895 
6.909 


4S2 
0h  50m 
23.9 
24.7 
26.4 
27.5 
28.3 


1906.909 
6.9S3 

7.024 

1906.972 


1906.073 
6.906 
6.909 
6.955 
6.983 


711 
lh  15m 
10.1 
10.0 
11.9 


h  2036 
- 16°  20' 
1.69       7.0 
1.32 
1.67      8.0 


10.7 

1061 
1"  57m 
318.2 
317.3 
316.1 
316.7 
316.2 


1.56 

.£■202 

+  2°  17' 
2.90 


3.11 
2.94 


3.0 
3.0 
3.0 


i.o 


i  .•) 


8.5 

8.0 

8.2 


1907.133 

7.172 


202.9 

202.4 


1.31 

1.27 


6.0 
6,5 


1907.152      202.0         1.29      6.2 


1907.133 
7.139 


2194  /3  403 

0"'  -2°  17 

95.7  2.0b. 

96.2        


7.0 
7.0 


9.0 
8,5 

1907.183      163.1 

8  8         7.196      165.9 


2535     0  2  9S 

5h2">       +42°  33' 

0.76 
0.90 


6.0 
6.0 


1907.190       164.5         0.53       6.0 


2902     2' 774 


1907.12s, 
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5h  36m 
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157.4 
156.6 
155.4 


-2°  0' 

2.62 
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2.45 


2  73 

+  23°  5' 

0.93 

0.92 

0.98 

6.0 

6.0 

1.08 

6.0 

6.1 

1.04 

7.4 

7.0 

1907.156       156.4         2.65 


3938     Howe  17 
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7.1S3      315.6 
7.216      314.4 


7.1 
8.6 
7.6 


-0°  27' 
2.50 
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3,5 
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4.0 


1907.12s 
7.166 
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1907.155       105.7 


1.48 
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9.0 

8.8 
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107.4  1.60 

105.9  138 
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i.o 
7,5 
7.5 

7.5 


8,5 
S.O 


6.3  1907. 

7.0    ~_ 

6.6    7. 


194 
21 12 
204 
24s 
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10.0 
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221.3 
219.9 
221.8 
220.2 

221.1 


5.47 
5.42 
5.7(1 
5.55 
5.51 


1907.220      220.9        5.53 


2.0 
2.0 

2.0 
2.0 

2.0 


1907.136        96.0        2.08      7.0      10.0 


1907 


44; 

.183 
.194 
204 
.251 


•     27  1196 

sh  6™     + : 
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342.4 

341.5 

342.2 


A  and  B 
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1.00 

ii  95 
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5.0 
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7.0 
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9.1 


S.O 
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7.8 

7.5, 


9,5 
9.2 

0.4 


1907 

7 
7 
7 


44' 
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204  115.5 
251       114.6 


2"  1196  A  B  and  0 

5.68 

5. (ill 
5.27 
5.64 


1907 


1907 

7 
7 
7 
7 
7 
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235.0 
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3.20 
3.28 
3.29 

::  38 
3.22 
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3.0 
3.0 
3.0 

3.0 
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7 


289 
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66.9 
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S.O 

Ml 


1007 


292 
309 


5005 

33.5 
37.6 


2  3121 

+29°  0' 

0.50 

0.73 


1907.300        35.6        0.62 


1907 

7 
7 
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270 
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5057 
9h  18m 
331.0 

329.6 
329.9 


fl  337 

-17D2S' 

S.51 
8.20 


7.0 
7.0 


8.0 
7.5 

S.O 


2.S 
3.0 

3.5 
3,5 

3.2 


5.1 
5.1 
5.1 

5.1 


i.o 
7.0 
7.0 

7.0 
7.1 


11.0 
11.0 


1907.299        66.2        1.76      8.0       11.0 


7.0 
7.0 


11.0 
11.0 
10,5 


1907.266      330.1        8,36      7.S       10.8 
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1907.213 

322.9 

1  79 

7.0 

7.1 

1907.235 

1.6 

2.29 

7.2 

7.0 

1907.281 
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1 .92 

8.5 

9.0 

7.243 

322.9 

1  S3 

7.1 

7.0 

7.281 

1.8 

2.24 

7.0 

7.2 

7.289 
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S.O 
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9.0 

— 



1907. 25S 

1.7 

2.26 

7.1 
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322.8 
5094 
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+  6°  41' 

7.0 

7.0 
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S.2 
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1907.202 
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7.0 

7.1 
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7.0 

7.0 

7.0 

1907.235 
7.268 
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4.02 
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9.0 
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1907.350 
7.415 
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BC 

7.292 

319.4 

1.26 

/ ., 

s.o 

7.350 

150.8 

0.51 

1907.350 

349.7 

150  3 

7.328 

319.7 

1.30 

S.O 

7.9 

8.5 

8.3 

7.402 

145.7 

0.50 
0.49 

7.415 

349.7 
349.7 

1 51 1  s 
150.0 

1907.303 

319.4 

1  26 

1907.330 

14S.9 

1907.382 
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6406 

Z1728 

6780 

2'  1819 

71140 

0  2'  288 

13h  5'" 

+ 18°  3' 

14h  10'" 

+  3°  3b 

1  lh  I'.i'" 

+  16°  7' 

O 

It 

111 

m 

O 

If 

III 

III 

1907.350 

192.1 

0.56 

6.0 

6.2 

1907.372 

351.7 

1.01 

8.1 

S.O 

1007.372 

188.2 

1.65 

7.0 

8.0 

7.355 

189.5 

0.51 

6.0 

6.1 

7.402 

3.52.3 

1.19 

8.4 

8.0 

7.402 

187.3 

1.7.5 

6.0 

7.3 

7.404 

L89.5 

0.63 

6.0 
6.0 

6.0 
6.1 

7.446 

350.3 

1.06 

S.l 

S.2 

8.0 
8.0 

7.41.5 

188.0 

1,5.5 
1.6.5 

6,5 
6.5 

7,5 

1907.370 

190  1 

0.57 

1907.407 

351.4 

1.09 

1907.396 

1S7.S 

7.6 

6455 

2'  1734 

1 '.11 1.391 
1,394 

340.2 
348.7 

1.34 

1 .23 

7,s 
S.l 

8.0 

,  .1 

1910. 4  (is 
0.470 

187.2 
185.6 

1.59 

1.4s 

7.0 

7.2 

13"  16'" 

+  3°  28' 

1.407 

350.2 

1.18 

S.O 

8.1 

0.473 

186.3 

1 .58 

6.0 

0,5 

1907.404 

187.2 

1.02 

7.0 

7.5 

1.410 

3.50.1 

1,52 

S.2 

S.O 





— 

7.415 

188.6 

1.03 

7.0 
7.0 

7.3 
7.4 

1.459 

349.7 
349.6 

1.19 

S.O 
S.O 

7,5 
7  0 

1910.470 
1011.304 

186.4 
L86.8 

1,5.5 
1,53 

6,5 
6.0 

6.8 

1907.410 

187.9 

1.02 

1911.412 

1.29 

li.4 

1.40S 

lsii, 7 

6,5 

7.0 

6528 

li  114 

6955 

Z.  1865 

1.410 
1.424 

187.2 
188.1 

1.69 

1,53 

6.0 
7.0 

6,5 
7.5 

loh  29ra 
146.2 

-S°  6' 
1.36 

s.o 

8.5 

1911.394 

14h  36'" 
141.0 

+  1  1°  10' 

0.70 

1,5s 

6  4 

1911.410 

1011.400 

187.2 

00 

1.413 

143.4 

1.23 

8.0 

8.4 

.407 

140.2 

0.66 

3.0 

3.1 

1.426 

144.4 

1.29 

S.O 

S.4 

.410 

142.4 

0.59 

3.0 

3.0 

7127 

2  1910 

1911.416 

111  7 

1.29 

8.0 

8.4 

1911.404 

141.2 

0.65 

3.0 

3.0 

1007.426 

15h  3'" 
200.S 

+  9°  36' 
4.411 

6.0 

6.2 

6530 

i  it:,: 

6997 

Mh  41'" 

2  1876 

-6°  58' 

7.434 
7.446 

209,5 
211.3 

4.47 
1.14 

6.8 

6.0 

7.0 

6.2 

81.5 

+  0°  12' 

2.57 

1911.391 

8.0 

9.0 

1907.446 

Sl.O 

1.25 

8.0 

s.l 

1007.13.5 

210.2 

4.36 

6.3 

6,5 

1.402 

81.0 

2.79 

8.0 

8.4 

10.476 

80.8 

1.23 

8.0 

8.0 

1.407 
1.410 

84.1 

85.5 

S5.5 

2.83 
2.74 

2.60 

8.0 
8.0 
8.0 

S.O 

8.7 

ss 

8.7 
S.7 

11.459 
11.462 

1910.211 

79.6 

70,5 

1.19 
1.23 

8.2 
8.3 

S.l 

8.h 
8.6 

8.3 

1011.462 
1.465 
1.473 

7132 

I51'  4'" 
276.6 
276.6 
276.2 

2  3090 

-0°  36' 

1.33 

1.45 

1.27 

8.0 
8.4 
8.0 

1.487 

80.2 

7012 

1 .22 

P  106 

8.4 

1911.419 

S3,-, 

2.71 

s.s 
S.3 

14h  44m 

-13°  44' 

6566 

.£1768 

1907.372 

343.1 

1.44 

6.0 

7.0 

1911.467 

276,5 

1.3.5 

8.1 

8.5 

13   33m 

+  36°  48' 

7.402 

343.6 

1.71 

6,5 

7,5 

1911.465 

129.1 

1.28 

5.0 

8.0 

7.434 

344,5 

1.34 

6.0 

7.0 

710.5 

(3  352 

1  473 

128  8 

1  39 

5  0 

S  0 

15h  12™ 
66.4 

-26°  38 

14.04 

1.476 

128.5 

1.24 

5.0 

S.O 

1907.403 

34::  7 

1.50 

6.2 

7.2 

1911.426 

8  2 

9,8 

1.487 

129.2 

1.27 

5.0 

8.0 

7034 

2.  isss 

1.451 

6.5.5 

14.20 

8.0 

9.0 

1.459 

66.8 

14.30 

8.0 

9.3 

1911.475 

128.9 

1.30 

.,n 

8.0 

l-jh   47m 

+  10°  31' 

1907.426 

163.4 

2.27 

.5.0 

7.0 

1911.445 

66.2 

14. is 

8.1 

9.4 

6641 

2'  1785 

7.434 

163.4 

2.47 

.5.0 

7.0 

13h  45"' 

+  27°  29' 

7.446 

161.0 

2.57 

5.0 

7.0 

7211 

I.v  li 

1911.413 

328.6 

1.30 

i  .5 

S.O 

J5h  14"' 

-26°  40' 

1.426 

325.1 

1.2.-, 

7.5 

8.0 

1907.435 

162,5 

2.44 

o.O 

7.0 

1011.4.51 

28,5 

17.06 

8.5 

10.0 

1.440 

324, s 

1.28 

<  .5 

7,s 

1  4.50 

28.1 

16.92 

s.o 

10.5 

1.451 

327.4 

1.29 

7.5 
7.5 

7.8 
7.9 

1910.468 
0.470 
0.473 

1910.470 

141.6 
140.9 
139  5 

2 .  1  w 

2.19 
2,30 

5.0 

.5.0 

5  0 

8.0 
7.0 

75 

1.473 
1911.461 

29.5 

17:39 

S.O 

8.2 

10.0 

1911.432 

326.5 

1 .28 

28.7 

17.12 

10.2 

140.7 

2.39 

6690 

£30 

7222 

(i  32 

13h  53™ 

h-  19°  57' 

1911,391 

134.7 

2.61 

5.0 

7.5 

15h  16m 

+  1°  5' 

1911.413 

200.1 

8.12 

8.0 

11.5 

1.402 

134.1 

2.34 

5.0 

7.5 

1910.470 

14.8 

2.74 

5.0 

9.0 

1.426 

198.8 

8.29 

8.0 

11.5 

1.407 

133.9 

2,50 

5.0 

7.5 

0.476 

16.4 

1.440 

197,3 

19S.7 

8.17 

8.0 
8.0 

11.5 

11,5 

1.410 

131,5 
134.3 

2.37 

5.0 
5.0 

7.0 
7.4 

0.511 

13.0 

2.50 

5.0 
5.0 

0,5 

1911.426 

8.19 

1011.402 

2.45 

1910.486 

14.7 

2.62 

9.2 
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7251     21937 
l.V>  19"      -30°  3!'' 


1907.372 

25.8 

0.88 

6.0 

7.404 

25.3 

0.94 

6.3 

7.415 

25.8 

25.6 

1.11 
0.98 

6.0 

1907.397 

6.1 

1910.468 

36.6 

0.81 

6.0 

0.470 

;-,  8 
36.2 

0.98 

0.90 

6.0 

1910  469 

6.0 

1'.  il  1.462 

40.0 

0.99 

6.0 

1.465 

41.0 

1.00 

5.0 

1.476 

37.3 

1.04 

6.0 

1.487 

39.5 

39.4 

0.99 
1.00 

6.0 

1911.472 

5.8 

7259 

2  193S 

1.3h  21ra 

+  37°  42' 

1  "H7.372 

60.  S 

o.so 

7.404 

59.5 

0.89 

7.0 

7.415 

61.0 
60.4 

0.85 

0.85 

7.0 

I'm  17.397 

7.0 

1910.470 

57.2 

1.09 

7.0 

0.473 

55, s 

1.00 

6.5 

1910.472        56.5         1.04       6.8 


1911.462 

1.465 
1.476 
1.4s7 


1911.472 


1911.410 
1.413 

1.424 


57.6 
56.3 
57.3 
55.3 

56.6 


1.18 

1.15 
1.02 
1.09 


7.0 
7.0 
6.5 
7.0 


1.11       6.9 


7347     Howe  37 
15h35m      -14°  30' 
269.5        5.53 
267.9        5.29 
268.5        5.43 


9.2 
9.0 
9.2 


1911.416      26S.6        5.42      9.1 


1907.372 

7.404 
7.446 

1907.407 


7367  /3  619 

15h38m  +14°0' 

2.6  0.48 

5.2  0.56 

3.2  0.65 


6.0 
70 
6.0 


3.7 


0.56      6.3 


73S0     /3  240  A  and 
15h  40m      +4°  20' 
1911.511       136.1        2.37 
1.525      136.5 
1.547      134.1        1.97 


1911.528      135.6        2.17 


B 
8.5 

8.5 
8,5 


6.1 
6.0 

6.1 

6.1 

6.1 
6.1 

6.1 

6.0 

5.1 
6.1 
6.1 

5.9 


7.3 
7.0 


7.3 
6.8 


A  and  C 


1911.511 
1.547 


3S.6 

39.6 


29.10 

29.22 


1911.529        39.1      29.16 


7381     Pkitchett 
15h  41'"      +3.5°  55' 


1911.492 
1.49S 
1.525 


223.7 
224.3 
223.8 


5.07 
5.03 
5.00 


9.0 
9.2 

9.0 


1911,505      223.9        5.03      9.1 


.1 


7.1 
7.5 
6.6 
7,3 

7.1 


9.4 
9.1 
9.4 

9.3 


7.11 
7.0 
7.0 


.0 


1911.426 
1.462 

1911.444 


1911.530 
1,536 


7433  2  1985 
15h  51m      -  1°  40' 
338.5        5.SS 
337.9        5.82 

338.2 


7.0 

7.0 


7471 
15h  56ln 
325.6 
32.5.6 


2  1992 
+  11°  5S' 
5.99      S.7 
5.95      9.1 


1911.533      325.6        5.97      8.9 


7487     2  199S     A  and  B 
]5h  59m      -11°  6' 


1911.424 
1.451 

1.459 


335.4 
335.8 

335.4 


0.51 
0.61 
0.62 


5.0 
5.0 
5.0 


1911.445      335,5        0,58      5.0 


1911.424 
1.451 
1.459 


A  B  and  C 
63.9  7.34 
64.7  7.14 
63.6        7.34 


1911.445        64.1         7.27 

7533     p  120     A  and  B 

161i  gm       _i<,°  12' 

1910.473  363.7  0.83  4.0 
0.470  360.7  0.80  5.0 
0,511      362.1        0,82      4.0 


1910.473 
ii  176 
0.511 


C  and  D 
tS.O  2.17 
52  5  2.14 
48.4        2.24 


7.0 
7.7 

7.5 


10,5 
10.0 
102    1910.474       336.2       11.36 


1910.473 
0.476 


A  B  and  C 
336.2  41.44 
336.1      41.28 


11.5 
12,5 

12.0 


9.3 
9.5 

9.4 

9.4 


9.3 

8.5 


5.85      7.0        8.9 


9.2 
9.0 

9.1 


D.Z 


7563     -T  2032     A  and  B 


16"]lm      +34°  7' 


1910.528 

0,533 
0,536 


214.6 
215.6 
216.3 


1910,532      215,5 


1911.489 
1.498 
1,511 

1 .525 


216.7 
215,5 
215.3 
216.2 


4.82 
4.81 
4.71 

4.78 
4.s7 

4.77 
4,s7 


5.0 
5.0 
5.0 

5.0 

5.0 
5.0 
5.0 
5.0 


1911,506   216.0   4.84   5.0 


1910,528 
0,533 

0.536 


A  and  D 
85.4      64.77 
85.9      64.02 
86  3      64.41 


1910.532        85.9       64.40 


1911.489 

1.49S 
1 .525 


85  8  65,53 
85.7  64.62 
85.9      64.70 


1911,504        85.S      64.95 


7.0 

s.o 

8.0 
7.7 


5.0 
7.0 
5.0 


1910.487      362.2        0.82       4.3        5.7 


i  .5 
8.3 


1910.487        49.6        2.1S      7.4        vl 


1907.426 
10.470 
10.473 


7649 
16h  26m 
62.7 
64.7 
66.6 


Z  2055 

+  2°  12' 

1,32 
1.19 

1.02 


4.0 
4,5 
5.5 


1909.456        64.7 


lis       4.7 


1911.459 
1.473 
1.476 
1.511 


68.6 
68,5 
67.0 
67.5 


1.23 
1.26 
1.11 
1.13 


5.0 
5.0 
5.0 
4.0 


1911.480        67.9 


1907.426 

10.470 
10.173 


7669 
16&  2$m 
326.4 
323.7 
327.9 


ii  817 

-23°  27 

1.04 

1.24 

1 .05 


s.O 
vl 


1909.456      326.0 


1906.796 
6.832 


7717 

16"  3Sm 
177.0 
176.0 


1906.814       176,5 


1911.536 
1.547 
1.550 

1,566 
1 .572 
1 .582 


135.2 
133. s 
138.8 
133.9 
139.2 
141.0 


1.13 

1.15 
1.21 
1.23 
1.31 


3.0 

3.0 

3.0 
3.0 


l  18      3.0 


6.0 
6.4 
6.3 

6.2 

6.0 
6.0 
6.0 
6.0 

6.0 


10.0 
9.0 
9,5 

9.5 


0.5 
7.0 
6,5 

6.3 

6.0 
6.0 
5.5 
5.0 


lis       4.8        5.6 


s.l 
8.0 


1.11      S.O       8.0 

r  2o  si 

-31°  47' 
1.17 
1.09 


1911,559       137.0         1.22      3.0 


7.0 
6.0 

6.0 
7.0 

7.0 

6.6 
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1911.424 
1.451 


7748 
I6h  4l"> 

276°0 
280.7 


A  15 

+  43°  4CC 

It 

0.47 
0.46 


S.O 
8.0 


1911.438      27S.4        0.46      8.0 


1911.424 
1.582 

1911.503 


1911.552 

1.566 


7783 

16"  18™ 

11.9 

13.0 

12.4 


2'  2107 
+28°  .">()' 
0.54 
0.52 


6.0 

6.0 


0.53       (i.O 


1911.559      231.8 


7S03  Sh  2411 

I6h51m  -l!t°23' 

231.1  4.80      6.5 

232.6  5  116       6.5 

4.93      6.5 


1911.424 
1.451 
1.487 


7856  /3  357 

17h  l'»  +10°  41' 
207.4         1.21 

297.7  1.23 

298.8  0.99 


s.O 

S.O 

8.0 


1911.454      298.0         1.14       S.O 


1911.424 
1  451 
1.487 


7863  /8N23 

17"  1"'  -0°51' 

19.4  0.8] 

20.0  0.90 

l.s.2  0.96 


s.o 
s.o 
so 


1911.454        19.3        (ISO      S.O 


7885     £  1118     A  and  B 
17h5>"      -15°  36' 


1910.528 

0.533 
0.536 
0.566 


245.4 
242.4 
243.8 
245.1 


0.61 

0.4S 
0.57 


4.0 
4.0 
4.0 


1910.541 

244.2 

0.55 

4.0 

1911.530 

242.0 

0.63 

3.0 

1.547 

242.4 
242.2 

0.50 
0,56 

4.0 

1911.538 

3,5 

A.  B 

and  C 

1910.533 

288.1 

100.83 

1.530 

287.6 

100.18 

1911.032 

287.8 

100.50 

7015 

/3  44 

17h  10m 

+  2S°  56' 

1910.563 

17.0 

5.62 

s.o 

0.566 

17.8 

s.5 

1,539 

17.2 

5.47 

8.5 

1910.889 


17.3 


5.54   8.3 


8.5 
8.3 

S.4 


8.0 

7.5 

7.8 


/  .o 

S.O 

7.8 


9,5 
9.5 
9.3 

9.4 


0.0 
9.0 
9.5 

9.2 


4.5 

4.3 
4.5 


4.4 

4.0 
4.5 

4.2 


11.0 
12.0 

11.5 


9.0 
9.2 
9,5 

9.2 


7943  /8  126  A  and  B 
17h  14"»  -17°  39' 


1911.522  262.9 
1.525  263.S 
1530   261.3 


1911.526   262. 


1.73 

1.93 
1.96 

1.87 


6.0 
6.0 
6.0 

6.0 


1911.530 


1911552 
1 .572 
1 ,593 

1911.572 


1910.533 

1.530 
1.593 

1011  219 


1911.511 
1.520 
1,522 

1911.518 


1910.528 
0.533 


A  and  (' 
140.1       11.40 

S025     2:2171 
17hL'4m      -!)°55' 

71.3  1.51       8.5 
67.8        1.43      s.o 

67.4  1.25       8.3 


6S.8 


1.40       8,3 


8100  /?  631 

i7»35m     -o°36' 
54.7        0.44      6.3 
50.0         o  15 
52.0        "30 


52.2  0.42      6.3 

S210  0  2  338 

I7h  17'  +lo°  21' 

10.9  O.SO       7.0 

11.2  0.76       6,5 

11.7  0.79 


11.3 


0.7S       6.S 


S241     22244 
I7'1  52™      +0°  5' 
276.1        0.84 
275.9        0.86 


7.0 

6,5 


1910,530   276.0    0,85   6,8 


1911.634 
1.637 


8303  2:  2262 

17"  58m  -8°  11' 

261.4  2.04 

260.9  2.17 


1911.636   261.2    2.10 


5.0 

5.0 


1906.774 
6.777 
6.796 
6.829 
6.832 
6.S94 


8340  2  2272 

1  SliQm  +2°  31' 

169.6  2.78 

171.3  2.86 

171.1  2.80 

160.6  2.39 

169.1  2.53 

170.5  2.64 


7.5 
7.0 
7.5 

7,3 


11.5 


s.2 
s.O 
8.3 

8.2 


6.0 


6.0 


6.8 

6.2 


6.5 


7.3 

7.0 

7.2 


6.0 


6.0 


S340 

2  2272 

lSh  Om 

4-2°  31' 

o 

// 

HI 

111 

1909.002 

156.4 

3.11 

0.706 

156.2 

3.26 

9.711 

157.0 
156.5 

3.25 
3.21 

1000.703 

1910.528 

151.8 

3,58 

4.0 

6.0 

0,533 

152.0 

3.4S 

4.0 

5.3 

0.536 

152.1 
152.0 

3,57 
3.54 

4.0 
4.0 

5.2 

1010,532 

5.5 

1011  618 

14S.2 

3.79 

4.0 

5.5 

1.623 

149.2 

3.67 

4.0 

5.5 

1.632 

149.2 

3.81 

4.0 

6.0 

1.634 

149,5 
149.0 

3.83 

3.78 

4.0 

1911.627 

5.7 

8390 

/J  132 

lNh  .5"' 

-  0)°  52' 

1010,533 

216,5 

OSS 

7.0 

7.2 

1.525 

217.8 

0.94 

7.0 

7.2 

1.547 

217.4 

0.96 

7.0 

7.4 

1911.202      217.2        0.93       7.0 


8400 

Ho  429 

[Sh  (;m 

-15°  11" 

1911.618 

22. S 

3.03 

S.O 

1.624 

23, S 

8.0 

1.632 

25.3 

4.24 

8.0 

1911.621 
1.632 


8403  Lv  7 

1S»  7m  -15°  23' 

277.2        7.5 

279.2  3.64       8.0 


1911.618 
1.632 


8414  /3  131 

ISU  8™  -15°  38' 

278.6  2.5S       S.O 

279.3  2.67      8.0 


7.3 


11.5 
11.0 
11,5 


1911.625        24.0        4.08      8.0       11.3 


11,5 
12.0 


1911.628      278.2        3.64      7.8      11.8 


11.0 
10.5 


1911.625   279.0    2.62   8.0   10.8 


1906.817   170.2 


2.67 


S520 

/3  49 

IS1!  18m 

-19°  38 

1911.582 

44.7 

8.43 

s.o 

10,5 

1.591 

44,5 

8.55 

s.o 

10.0 

1,593 

46.9 
45.4 

8.51 

8.0 
S.O 

10.5 

1911.589 

8.50 

10.3 
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8617 

/3  247 

1  gb  27™ 

-9°  26' 

c 

11 

in 

1911.552 

166.4 

7.95 

7.5 

1  593 

Kill  4 

8.14 

7.3 

1911.572 

L66.4 

8.04 

7.4 

8619 

(3  419 

ISh  'J7'" 

-7°  54 

mm  " 

47.(1 

1.23 

8.0 

1.451 

44.4 

1.05 

8.0 

1.530 

45.5 

1.15 

8.0 

1911.171 


1911.511 
1.520 
1.525 


45. li  1.14  8.0 

8663  <i2:i5n 

IN.  31"'  +  10°  54' 

L87.5  1.91  6.8 

188.6  I'M  6.5 

189.6  1.S7  6.6 


1911,519      188.6        1.90      6.6 


1910,544 
0.563 

1910.554 


8740  (3  136 

18h  38"'  +5°  38' 

5.6  4.86      9.0 

6.4  4.60      9.0 


6.0        4.73      9.0 

8750    0  Stone  44 
18"  39™      -19°  59' 


1911.582 

287.6 

1.75 

8.3 

1.591 

290.1 

1.60 

8.8 

1.593 

288.8 
288.8 

1.72 
1.69 

8.5 

1911.589 

8.5 

8751 

Z  2369 

18"  39™ 

+  2°  31' 

1911.604 

93.1 

1 .08 

8.2 

1.610 

90,3 

1.07 

8.0 

1.615 

88,8 
90.7 

Ids 
1.08 

7.S 

1911.610 

8.0 

8776 

2  2375 

18h  41™ 

+  5°  23' 

1909.733 

114.9 

2.19 

7.0 

9.741 

114,5 
114.7 

2.31 

2.25 

1909.737 

7.0 

9219 

Howe  4 

7 

19"   l(im 

+  2°  45' 

1911.451 

153.3 

0.48 

7.(1 

1,530 

151.2 

D.4S 

7.0 

1,547 

154.2 
152.9 

0.41 
0.46 

1911,509 

7.0 

10.0 
10.3 

10.2 


9.5 
9.3 

9.3 

9.4 


6.7 
6.7 

(1.9 


9.6 
9.6 

9.6 


N.N 

8.5 
8.6 

S.6 


8.8 
8.5 
8.3 

8,5 


7.3 
7.3 


7.0 
7.0 


7.0 


9313     Schj.  22 


1!  HI!  1. 760 
09.763 
10.533 


19"  23'" 

343°.3 
343.0 
342,5 


-12°  21' 

1.32 
1.54 
1.36      S.O 


7.8 


1910.019       342.9 


1.41       7.9 


9547     Collins 
19"  39m  .  -11°  16' 
1910.533      252.1         1.39       8.5 
1,525      250.0         1.40      8.5 
1.547      250.3         125       8.7 


1911.202      250.8  135      8.6 

9.-i51  j3  827 

19"  39"'  -n°  21;' 

1910.533      268.3  0.78      8.0 

1.525      268.3  0.91       8.2 


1 .547 


.',_',) 


l.ol       8.2 


1911.202       209. 


0.90        N.l 


9623  13  147 

19"  13"'  +31°  51' 

1909.763      297.4  8.78      8.5 

11.520      298.0  8.94      8.0 


1910.642      297. 


9634  2-  2583 

19h  44"'  +11°  34' 

1909.760       115.3  1.47 

9.763       116.9  1.31       6.0 


1909.762       116.1 


1.39      6.0 


9659  j3  361 

19"  4  (V"  +22°  2.V 

1909.733      349.6  3.69      9.2 

9.741      348.3  3.79      9.2 


1909.737       349.0         3  74       9.2 

9755     A  .  Clark  12 
19"  .'3m     -2°  30' 
1909.692       320.2         0.94 

9.707      318.8        0.87      S.O 
9.711       319.1        0.83 


1909.703      319.4  0.88      8.0 

9758  (3  266 

19"  53'"  +n°  8' 

1909.760      167,5  15.98      8.0 

9.763       166.9  16.03      S.O 


7.8 
8.2 
8.0 


9.0 
8.8 
9.0 

S.9 


9,3 

N.N 

9.0 
9.0 


lo.o 
10.0 


8.86      8.2      10.0 


6.7 
6.7 


9.4 
9.4 

9.4 


N.l 


N    1 


11.0 
11.5 


1007 


£984 


1909.747 
9.758 

1909.752 


1909.747 

9.758 


20h  !3m      +26°  4' 

209.6        0.75 
211.0        0.74 


8.0 

8.0 


210.3 

10266 
20"  26'" 
349.9 
346.6 


0.74       8.0 

£63 
+  10°  34' 
0.81       6.5 
0.89      6.2 


1909.752      348.2 
10520 

20" 43m 

1909.692  190.4 
09.758  190.3 
11.599   191.0 

1910.350   190H 


0.S5       6.4 


/3  6.5 

+  5°  3-' 

1,56 
1.46 


5.0 
5.0 
5.0 


1,51       5.0 


1906.894 
6.955 

1906.924 

1909.747 
09.75n 
10,599 


10533  0.2.  413 

20"  44'"  +  39°  7 

48.6  0.75   5.0 

49.2  0.62 


48.9   0.68   5.0 


51.6 
50.0 
52.9 


0.76  5.0 
0.73  5.0 
....   5.0 


1910.035   51.5   0.74   5.0 


1909.692 
9.758 


11001  2  2799 

21"  24'"  +10°::9' 

294,5  1.40   7.0 

294.8  1.53   7.1 


1909.725   294  ti 


1906.755 
0  829 
6.864 


11346 

21h  51"" 
I.".  S 
45.1 
42.9 


1.46   7.0 
(3  75 

4-10°  24' 
1.11 

1.04 

0  92 


1906.S16    44.0    1.02 


1909.762   167.2   16.00   S.O   11.2  1906.848   316.3   3  20 


191111  749 

6.755 
6.777 
6.815 
6.864 
6.892 
6. 90S 
7.024 


11743 

22h  24"' 

315.9 
318.3 
316.9 

315.7 
314  3 
317.4 

316  4 
315.9 


2  2909 
-6°  32' 

3.34 
3.50 

3.40 
3.07 
2.97 
3.25 
3.03 
3.03 


8.4 
8.3 

8.4 


S.O 

S.5 

n.2 


10.0 
8,5 
9.0 

9.2 


7.0 


7.0 

6,5 
6.5 
6.5 

6.5 


7.0 
7.0 


N°s-  633-634 


THE     ASTRONOMICAL     JOURNAL. 


77 


11968     -T  2944  A  and  B 

12183 

2"  2980 

22h  43"'      -4°  45' 

23h  4m 

-7°  52' 

1906.905 

o                  "                   m 

258.4        3.22      7.0 

m 

—   n 
(  .O 

1906.790 

109T 

4.74 

m 

m 

6.960 

259. (i        3.18       7.0 
259.0        3.20      7.0 

7.1 
7.2 

6.832 

107.8 

ins  i 

4.42 

4.58 

1906.932 

1906.811 

A  and  ( ' 

12639 

23 h  51"' 

-T3046 

-!0°  3' 

1906.905 

L27.5      47.83 

8.5 

1907.851 

250.6 

3.13 

8.3 

S.7 

6.960 

127.3      47.73 
1274       47. 7S 

8.5 
8.5 

7.944 

248.7 
249.6 

2.76 
2.95 

S.5 
8.4 

9.0 

1<  106. 932 

1907.898 

8.8 

MERIDIAN   OBSERVATIONS   OF   NOVA   GEMINORUM  NO.  2 

Ma«.  a  1912.0  5  1{ 


The  following  meridian  observations  of  Nova  Gt  minorum 
Xo.  2  were  secured  by  Dr.  Elliott  Smith: 

Cincinnati  Observatory,  March  -'■*.  1912. 


a  1912.0 

h      m      8  o       /       n 

March     is  6  6  40  11.80  +32  15  05.9 


_'•)  •) 


11.86 


05.1 


Mean  6  49  11.83  +32  15  05.5 

J.  G.  Porter,  Director, 


ON   THE    RELATION  OF   THE   INERTIAL   AND   EMPIRICAL   TRIHEDRONS 

OF   GRAVITATIONAL   ASTRONOMY, 

By  G.  O.  JAMES. 


The  ine rtial  trihedron  O  —  —  HZ,  the  inertial  time  t, 
the  inertial  i?iasses  /i,  and  the  inertial  law  of  force  f  (py) 
of  the  planetary  system  are  defined  by  the  system  of 
equations  of  motion: 


(1) 


5  -**/(*>  = 


p., 

~Vj 


P.J 
C-t, 

Pa 


0  =  1,2 


All  observations  refer  to  an  empirical  trihedron  —  that 
of  the  fundamental  catalogue — connected  with  the 
system  in  some  selected  way,  and  in  comparing  the  re- 
sults of  observation  with  those  of  theory,  this  difference 
in  identity  of  trihedrons  of  reference  must  be  taken 
into   account. 

Andlng*  and  SEELiGERf  have  both  treated  the  problem 
under  certain  simplifying  assumptions,  but  inasmuch  as 

*  Enzyktopadie  der  mathem.  Wittsensehalten,  Bel.  VIj,  p.  13. 
t  Sitzungsberichte   der  K.B.  Akademie  der    Wissen.  zn   Munchen, 
1906  Heft  I,  p.  117. 


the  method  of  Seeliger  may  be  extended  to  a  wider 
generality,  it  may  be  of  value  to  outline  the  procedure. 
A  rotation  (p,  q,  r)  of  the  inertial  trihedron  combined 
with  a  translation  V  of  the  origin  changes  (1)  into*: 


Vat    ■ 

Van  - 

Vol    ■ 

djai 
dr 

d     VgT, 

dr 

d  Vai 


dt 


dr 


Vs°  +  g£  -  rv 
7,°  +  ,i  -  pi 


di 


d 
+  q  Vai 

+     r    Va( 


+    V(*  +  pr,  -  q$ 


,■  r,,,,  =  i'i  fi,y(p„) 

V  Vai  =    -<'M,/(Pv) 


+  pVaV  -  q  Vai  =  li  Pififitj) 


c, 

-  f/ 

Pa 

.    Vi  -  Vj 

)    ' 

Pa 

L 

-C 

(2) 


Pu 


If  now  the  moving  trihedron  to  which  (2)  refers  be 
identified  with  the  empirical  trihedron,  then  theory  and 
observation  will  refer  to  the  same  set  of  axes.     The  num- 

*  Appell:  Traite  de  M.  .unique  rationelle,  Tome  I,  Troisieme  Ed., 
p.  81. 


is 
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ber  of  unknowns  is  increased  by  six: —  V$°.  I'r,0,  V{°, 
p.  q.  r.  These  may  be  constants  orfunctions  of  the  inertia] 
time,  except  that  if  IV,  l"^0.  Vf  are  constants  they  do 
not  enter  the  equations  of  motion. 

The  problem  of  observational  astronomy  is  to  select 
t.  n,.  ffa  .  Y°  and  •  p.  q,  r)  so  that  observation  will  accord 
best  with  theory.  Stated  in  so  general  a  form  the  ma- 
chinery of  selection  is  lacking,  anil  certain  simplifying 
restrictions  and  assumptions  must  be  made.  The  pro- 
blem may.  however,  still  be  left  widely  general. 

First  restriction: —  1*°  and  (p,  q.  r)  are  assumed  constant. 
The  centre  of  mass  of  the  system,  since  it  has  a  uniform 
rectilinear  motion  of  translation  relative  to  the  inertial 
trihedron,  may  then  be  taken  as  the  empirical  origin,  and 
(2)  takes  the  simpler  form: 


(3) 


d% 
dr* 

d% 
dr- 

d% 

dr' 


+  2    ? 


dij 


dr 


•'  Pi 


>%-u 


dijj         rf£, 
■2^-di-qaW 


dVj  Pij 

'd<P  V;         j?  I      s     tt—  ti 


where : 


Writing  (3)  in  the 


Introduction  of  relative  coordinates: 
form: 


(4) 


Pi. 


-i  N  f  (p.-j) ' 


'%-*■£ 


P 


where  subscript  (O  >  refers  to  Sun,  then  choosing  Sun  as 
origin  and  introducing  relative  coordinates    x,  y,  z.  t.    we 
have: 
x, 


(5) 


*i-f 

(.) ;  ]h  =  vj  —  Vt.> 

;  z 

' 

Z-l,:    t 

= 

>",,  =  p» ;    m,  =  P-, 

)  becomes: 

d% 
dt* 

-                                   *                    / . 

+ 

»«.{/fr^P/  /w>*} 

+ 

_   V    dt       qdtJ_ 

+ 

_/  dx         dy\ 

_2{rdt-qdi) 

+ 

- 

dH      ' 

*(*,-*)_ 

where:     2H=\p(x]-  x)  +  q(y,  -  y)  +  r(zj  -  z)\* 

-  (pa  +  q*  +  r2)  1  (x,  -  x)2  +  (?/,  -  yf  +  (2j  -  z)*\ 
and  (x,  y.  z)  is  the  centre  of  mass  of  the  system. 

The  law  of  force  is  that  of  Newtonian  gravitation,  and 

/W  =  p 

thus  admitting  the  formal  permanence  of  the  mathema- 
tical structure. 


Integration  of  (5):—  Integration  may  be  effected  by 
successive  approximations,  treating  p,  q  and  r  as  small 
quantities.     \\  riting  (5)  in  the  symbolic  form: 


d%  _ 


X  -  X'  -  X" 


(6) 


where  the  right  hand  terms  in  brackets  in  (5)  are  represent 
ed  by  the  corresponding  X's,  the  Keplerian  motion  de- 
fined by: 

d2x,  _ 

w  ~  A° 

may  be  used  as  a  first  approximation  and  the  effects  of 
the  disturbing  terms  Xl.  X.  X'  and  X"  may  be  calcu- 
lated by  the  method  of  variation  of  constants. 

The  disturbing  force  A't  arises  solely  from  the  mutual 
action  of  the  members  of  the  system,  while  A',  X'  and  X" 
are  due  to  the  motion  of  the  empirical  relative  to  the 
inertial  trihedron  alone,  and  hence  X^  is  fully  taken  into 
account  in  calculating  the  planetary  perturbations.  Xew- 
comb  finds  that  there  remain  the  following  outstanding 
differences:* 


f  Mercury 
(lit    j     ]'<  flUS 

edt]   Earth 
I  Mars 

Mi  i 
.  rfn      Venus 
SUXI  dt  ",    Earth 
L  Mars 

f  Me  i 
di   !   Venus 
dt  1    Earth 

L  Mors 

f  Mercury 
de  J    Venus 
di]    Earth 


8.48±0.43 

-  0.05     0.25 

0.10     0.13 

0.75     0.35 

0M  ±0.o2 
0.60     0.17 

0.03     0.22 

0.3S  +  0.80 
0.3S     0.33 

-0.01     0.20 

-0.88±0.50 

0.21  0.31 
0.02  0.10 
0.29     0.27 


[_  .liars 

Let   R.  S,  W  be  the  radial,  transversal  and  orthogonal 
components  of  (A.  X,  Z)  and  T  the  tangential  component. 


Then 


X  =  2   r 


2    p 


.dy 

dt 
dz 
dt 
dx 


dt 
tdx 
'  dt 

dy 


R  =  X  •  -  +    Y  ■   9-  +  Z  ■ 

r  r  r 

2pf    dz  _     dy\       2q/   dx 
y-»       Z  dt)  +    r  [ 


'dt 


dt 


dz 

dt 


2t(J_y 
dt 


dx\ 

■VrfJ 


*  Astronomical  Constants,  p.  109. 
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2p  _  >q 

=  —  (fc0  V/'  sin  i  sin  12)  +   —  (  —  k0  Vy  sin  i  cos  12) 


2r 


H — -  (A„  \/ p  cos  t) 


2fc0  I   P 


(p  .sin  i  sin  12  —  q  sin  i  cos  12  +  r  cos  i) 


2*.  Vp 


©  (say). 


7'  =  A 


dx  J 
dt  I 


7+1 


7     dj/   / 


7  +  Z 


dz    / 
dt/ 


7  =  0 


Denoting  by    $    the  angle  between  the  radius  vector 
and  the  tangent: 

.        dv  i> 

tan  6  =  r—  =   ■ 

dr       re  sin  v 

Projecting  R  and  S  on  the  tangent: 

ft  cos  9  +  /S  sin  0  =  (). 

«ru                 d               n        a          —  2^0  e  sin  v  ,_ 
Whence:        S  =     —  R  cot  0  =      9-!=-      -  0  • 

VP 

Using  ecliptic   coordinates   with   A'  — axis  through    the 
vernal  equinox:* 

x  =  r  sin  «  sin  (.1 '  +  v ) 

//  =  /•  sin  />  sin  (6'  +  u) 
2  =  r  sin  c  sin  (C  +  v) 

dx         .         .         ,  dr        .  .     dv 

-jr  =  sin  a  sin  (+'  +  v)  -=-  +  sin  a  cos  (A'  +  v)  r.-j- 
at  dt  di 

'  dv  l    •     m,  ,      >  dr  ,         .         ,  n,  ,     .     dv 

-rf  =  sino  sm  (B   +  v)—  +  sin  ft  cos  (B   +  i>)  r-r- 
dt  at  a< 

dz         ■         •     ,n,   ,      ..dr  .     di; 

—  =  sin  c  sin  (C  +  v)—  +  sin  c  cos  (C  +  v)  r  — 
d<  at  dt 

W  =  X  .  cos  a  +  Y  .  cos  ft  +  Z  .  cos  c 

=  H  ]  p  (eA0  +  A)  +  q  (eB0  +  B)  +  r(cC0  +  C)  [ 

u    =  v  +  01 
Where:        A  =  cos  w  cos  12  —  sin  u  sin  12  cos  i 
B  =  cos  u  sin  12  -j-  sin  u  cos  12  cos  i 
C  =  sin  u  sin  i 
A0^A]V  =  „     B0  =  B]V=„     C0-C].=„. 

Hence  R  and  <S  are  linear  in  sin  v  and  cos  v,  while  IF  is 
linear  in  sin  u  and  cos  u,  and  the  expressions  for  the  varia- 
tion of  the  elements: 
.  di2       r  sin  u  „. 


da  _-  2are  sin  v  2a2  V/'  . 

d/  fc0  Vp  V 


de 


VP  sm  y 


dt  k0 

dt  _   2r  \/a 
dt  kna 


R  + 


Vp  (p 

k0e  \r 


-  S 
a 


R  + 


i  +  vT 


r*dt 


are  linear  in  r  and  at  mosl  quadratic  in  sin  v,  cos  r.  sin  u, 
cos  w. 

In  particular  the  combinations  whose  secular  parts  are 
given  below  occur: 

[r]     =  0(1    I   |2)  [rsin'2  v]  =  'i  (I  -e2) 

[/•sin  y]     =  0  [/•  cos'2  u]   =  \  (1  +  2e2) 

[r  cos  i']     =   —  %ae  [r  sin  u  cos  »]  =  0 

[/•  sin  w]     =   —  |ae  sin  u>        [r  sin2  //]  =  'j  4-  |oe  sin':  w 
[/■  cos  u]    =   —  |ae  cos  a>       [r  cos2  u\  =  J    f  ^ae  cos2  «/ 
[/•  sin  //.  cos  it]  =  |ae  sin  <o  cos  <u 

Carrying  out  the  operations  indicated: 


sm  i 


.dti 
dt 
di 
dt 

dir 
Tt 

de 
dt 


=  p  sin  12  cos  i  -  q  cos  S2  cos  /  —  r  sin  i 

=  p  cos  12  —  q  sin  12 

=  —  e(p  tan  $i  sin  12  —  q  tan  \i  cos  12  +  r) 

=  0 


sin  i  -j-  =  - — —  W 
dt        fc„  Vp 

di  _  r  cos  u  w 

dt  "    k„  Vp 


d* 

€  —    = 

dt 


p  cos v  j/p  / ■ 

; «  +  V^    1  +  -    sin  V  .  <S 


+   -= -=^  tan  UW 

fc0  VP 


*  Valentiner:     Handwoiierbuch  der  Astronomie,  II,  p.  314. 


Determination  <>j  p.  q  //////  r:^  Equating;  these  to  the 
outstanding  differences  on  page  78  and  solving  by  the 
method  of  least  squares,  there  results —  irhm  the  motion 
of  Mercury's  perihelion  is  not  included: 

p  =  o"        q  -  0"        r  -=--  -  7".3  +  2.3. 

These  values  are  obtained  by  both  A.vding  and  See- 
i.igkk.     The  outstanding  differences  then  become: 


f  Mercury 
dir  j    Venus 
dt   !   Earth 

L  More 


f  Mercury 
dii  |    Venus 
dt 

[_  Mars 


barth 


f  Mercury 
di  J    Venus 

dt  |    Earth 
^  Mars 


f  Mercuy 
de  j    IV/o/x 
d<   I    Earth 

1^  Marj 


6.98+0.43 
-0.10  0.25 
-0.02     0.13 

0.07     0.35 

//  ft 

-0.31+0.52 

0.15     0.17 

-0.24     0.22 

0.36  +  0.80 
0.34     0.33 

-0.03     0.20 

-0.88  ±0^50 
0.21  0.31 
0.02  0.10 
0.29     0.27 
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Turning  now  to  the  terms  X'  and  X"  in  C6^ : 


'*- •!)-»* 


tft/         ^\  ,    dz 

.*-&-**)-    -2Tdt 


Z'  = 

X"  = 

r  = 

Z"  = 


dz         dx  . 


dH 


>    ■      x) 

dH 

9  ill  -  7/) 

dH 
d(z  -  z) 


Their  effect   is  small. 

1°     In  the  case  of  X'.  because 


=  i>(y-y) 

=  0. 

dx     dy     dz 


the  com- 


dt      di      di 

ponents  of  the  velocity  of  the  centre  of  mass  of  the  system 
relative  to  axes  with  origin  at  Sun,  are  small: 

2°  In  the  case  of  A"",  because  the  square  of  r  enters, 
and  r  is  a  small  quantity. 

It  is  then  a  priori  evident  that  these  terms  will  not  serve 
to  remove  the  outstanding  difference  in  the  motion  of  the 
perihelion  of  Mercury,  the  only  one  appreciably  in  excess  of 
its  mean  error,  and  indeed  will  affect  it  but  slightly. 

(unreal  Considerations:  The  various  methods  so  far 
suggested  for  dealing  with  this  error  are  al!  open  to 
some  form  of  objection.  Newcomb's  examination  of  the 
otheses  by  which  On  deviations  of  the  secular  vaiiations 
from  their  theoretical  values  may  be  explained*  leaves  little 
to  be  said  except  in  the  cases  of  two  of  the  hypotheses, 
advanced: — Hypothesis  of  non-sphericity  oj  the  Sun  and 
hypothesis  of  an  extended  mass  of  diffused  matter  like  that 
ch  reflect  the  zodiacal  light.  Harzkk+  finds  that  the 
ssary  difference  in  the  equatorial  and  polar  diameter 
of  the  Sun  required  to  explain  the  motion  of  Mercury's 
perihelion  on  the  assumption  of  different  solar  equatorial 
and  polar  moments  of  inertia,  is  about  1".  an  entirely 
inadmissible  value,  as  the  observed  difference  is  hardly 
as  great  as  (f.l  SeeligerJ  shows,  however,  that  it  is 
possible  to  distribute  fineh  divided  material  about  the 
Sun  in  such  a  way  a*  to  account  for  all  the  outstanding 
differences  including  Mercury's  perihelion.  The  maxi- 
mum density  of  distribution  necessarj  at  any  point  of  the 
extended  mass  is  found  to  be  J;  of  a  cubic  meter  of  fl  ater 
per  cubic  kilometer  of  space. 

There  seems  to  be  then  no  escaping  the  conclusion  that 
the  Newtonian  form  of  the  law  of  gravitation  is  inadequate 
to  remove  this  outstanding  difference  without  the  intro- 


*  Astronomical  Constants,  p.  109. 

fAstron.  Naeh.,  Xo.  3030    1891 

%  SitzungsberickU  zu  Munehen,  1906,  Heft  III,  p.  595. 


duction  in  the  system  of  masses  other  than  the  Sun  and 
the  planets  themselves,  and  such  attempts  at  modifying 
this  law  as  have  been  made  up  to  the  present  have  proved 
unsatisfactory.  There  remains  at  the  moment,  however, 
the  possibility  that  the  change  in  the  Newtonian  law  re- 
quired by  the  principle  of  Relativity  may  serve  the  purpose. 

II 

Introduction  oj  the  Principle: — A  set  of  values  of 
Mj,  Xj.  y j.  zJ;  t  defining  the  position  of  a  particle  m}  in 
a  system  of  reference  K.  and  the  set  mJ,x'i,y'i,z'jTi?  de- 
fining the  position  of  the  same  particle  in  a  system  K', 
moving  relative  to  K  with  a  uniform  velocity  of  transla- 
tion v  along  the  line  OQ  through  the  origin  of  K  and 
having  direction  cosines  «.  p.  y.  are  connected  by  the 
LoREXTz-t  ransformation : 


r' 

=  **  + 

"fai'V, 

-qct] 

X  j 

Vi 

-<? 

n' 

=  .7,  - 

Pfoirj, 

-  qct] 

y  j 

Vi 

-<?2 

,' 

=  Zj  + 

yfe'V,- 

-qct] 

-  i 

Vi- 

-<?' 

t' 

ct- 

Vi 

-q2 

c 

=  velocity  of  light 

1 

°l 

Vi  - 

</2 

'•/ 

=  x/ 

+■ .'//  + 

"J 

where: 


'-,»=  axi  +  $■     ■   >: 

These  and  the  underived  formulae  following  are,  for 
the  most  part,  taken  from  the  paper  of  Prof,  de  Sitter: 
On  the  biaring  of  the  Principle  of  Relatiritif  on  Gravita- 
tional Astronomy*,  although  I  have  to  some  extent 
changed  his  notation  and  modified  the  form  of  some  of 
his  expressions. 

On  the  assumption  that   gravitation  travels  with  the 
velocity  of  light,  the  effect  of  m,  at  time  ^  is  felt  on   i 
time  t2 .    where: 

c-  (L  -  U)  =  d 
I  being  the  distance  between  m,  at   time   /,  and   rn,   at 
time  i*. 

With  this  assumption  the  principle  of  relativity  gives 
the  equations  of  motion  of  m,  relative  to  »i  as  follows: 


(--*„) 


dh- 

dt 


+  ^  M'J2AS^  -  2rfe-3*+l  -  i^'a*2] 
*  Monthly  Notices,  R.S.A.,  Vol.  LXXI  ( 191 1),  p.     88 
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where  term?  to  the  order  1/t3  are  retained. 


Here: 


•f 


dx 

'  ~  cdt 

?  +  v*  +  i- 


M  = 


m 


d\j  y  _    dz 

V~  cdt  cdt 

re  =  xi  -  yjj  -  :s' 


A-  = 


7)1, 


IK 


M- 


/*     = 


.1/ 


In  this  equation  /a  is  an  undetermined  exponent. 
Minkowski  adopted  the  form  in  which  n  =  0  ,  while 
Lorextz  preferred  fi  =  1.  I  shall  determine  /n  so  as  to 
make  the  outstanding  difference  in  Mercury's  perihelion  as 
small  as  possible  without  raising  the  other  differences  above 
their  mean  errors. 

The  terms  containing  /*'  are  small  compared  with  those 
in  which  p.'  is  not  a  factor,  and  I  shall  neglect  them  in  the 
first  approximation.  The  equation  of  motion  of  the 
infinitesimal  planet  about  the  Sun  then  becomes: 


(A) 


d2x        fc'M   (  t  ) 

-j-„  =    —5-  -    -x+re£  +  .r(f>*  <-  . 

df  r3     (  )  Wl-4>s 


Expanding 


1  -  <b2J 


,V  1  -  4> 
order  <f>-  inclusive: 

d?x        k-M 
df2 


and  retaining  terms  of  the 


or 


where:  IrU  =  /.05    and     1  -  V*  =  "'• 

The  disturbing" force  (A".  Y.  7.     is  then  reduced  to 


Z  =  ^(rf+rV; 


with  corresponding  expressions  for  Y  and  Z. 

Integration   of    Equations   (A): — Let   A',  S,   IF,  be  the 
radial, transversal  and  orthogonal  components  of  (X,  Y.Z). 


Then : 
where: 

and: 


ft  =  ft, 


ft„ 


R\  =  -j.  «    6  .-  +ij.-  +4.- 
r      V      r  r         / 


ft,  =  v2 


V      *Y„   * 


7 


a; .  -  +  u  .  -  -  - .  -  '  =  >•'  -^ .  <£2 


►  ^V 


K  =  ^,2(v2^  +  £ 


The  transversal  component    IF  is  identically   zero,  and 
«S  is  determined  from: 

S*  =  Xs  +  Y2  +  Z2  -  ft2. 


Whence: 


S  =  k 


°r>fli-  ? 


Let  T"  denote  the  velocity  of  the  planet  in  its  Kepleria" 
orbit. 

Then:  F2  =  k02  Q  -  1)  =  Ay  ■    *  +  «' +  2*  «»* . 

„  </>•'         F2         A2       1  -  e2  -  2c  COS 

Hence:  —  =   -5-;  =  —  •    

r        ct         r  p 


where: 


k  ■ 

xi2=h 


{dry       ,  ,(      p        2       1 


and 


/-  /•  fly 

1    A/A2      A'-     es  sin2  v 


,  ,    e  siitd 

''V 

P 


r       c2r\dtj        r  p 

From  these  relations  there  results: 
0        ,  .,   A-      e  sin  v 

The  expressions  for  the  variation  of  the  elements  may 
be  written: 

r  r    (  2a2i  „    .           '_'"-('  „               2a'   .  )   , 
la  =    I  -p-Tj  ■{  ft  sin  r 0  cos  v &  >  dv 

J  k0-  (.    p  p  p       1 

z/e  =    \  t~«  \  R  sin  v  +  S  cos  r Sr  H —  5  >  dv 

.'  k0-  (  (».  e      ) 

Jai  =    (  -7—  \  —  -  R  cos  v  H — 5  sin  r  +       r.S'sinc  f-  t/z- 
.'  fr0-  I       e  e  />e  k 

A  =  -    ff,  \  -    ,l—.Rr  j  dv  + ej= 

.'   fc0    l«Vl-  c'2        >  1  -  Vl  -e 


Arc 


,/n 


j: 


ii-  •  a  ,  0 


«a"  Vl  —  e2  sm  ' 
;kt  v  1  —  r        » 


In  these  integrals  the  following  combinations  of  r,  AJ.  S> 
r  occur: 

It  sin  r  ft  cos  v         rft 

S  S  sin  !■  »S  cos  ;•  <■>'  r  S  sin  r  . 

These  are  expressible  as  linear  functions  of  sines  and 
cosines  of  multiples  of  v,  making  the  expressions  for  the 
variation  of  the  elements  directly  integrable: 

_  ,  „A'2   (  4^2(l+r'2)  +  3e2   .         ,    eS   . 

R  sin  r  =  k.-— r  —  sm  v  H sm  2r 

0  r  (  Ap 


P 

e2 
4p 


sin  dv 


R  cos  v  =  k„2  —„< h 


,  =  A2  (  etr  ^  4v-  (1  +  ea)  +  e- 


\J 


4p' 


1  os   ' cos  2c 

P 

tr  ) 

—  —  cos  3v 

■ip  > 


D       ,  „A2  (2k2(1  -  r)  -  e2      ,    2ev2 

rft  =  k\-  —.  -  ^^ r r  -      —  r  cos  v 

Q  r  <  2/>  p 

—  cos  2c  - 


2p        "  \ 
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fc0!  —  -sin  i>  +    r-  sin  2r  - 

r  <  p                 2p              > 

„    .               .,  A-  i    (          .                    e 

S  -.n  u  =  A-  -— ,  —  +   —  COSI>  —  r-  COS  2  ■• 


r  <  2;*       ip 


■>p 


*P 


cos  3v 


S  cos  v  =  k0"-^  -  —  sin  r  +  —  sin  2c  -  —  sin  3v  > 
r  i  -in  2p  4/i  ) 


rS  =  Ay'-  \  e  sin  ti  ,- 


4p 


r  1 


.    ■  ,  •>*"  (e        e  I 

rS  sin  v  =  Ay  -5  -  -  —  -  cos  2v  -  • 
r  (  2        2  > 


Denoting  secular  terms  by  [ 
[R  sin  v]  =  0 


A2     ev- 

\H  cob  '•]  =  A's—  ■  — 

r       p 


[S]  =  0  [S  sin  r]  =  A-„J  ^  ■    i-  [5  cos  0]  =  0 


[r5]  =  0  [rS  sin  v]  =  Ay  _, 

Hence:     [Ja]  =  [Je]  =  0 

[Jib]  =  A"  f 


A2      e 

—  4 

2 


{-p  +  ^  +  ^r*-^^ 


•>A-  °A2 

[J£]  =  (1  +  J)  _  JM  _  (9v2+  1)       ~ Jv 

a  0V1  -  e°- 


+ 


1  +  Vl  -e 


[M]. 


outstanding  difference  6".9S/e 
there  results: 

ix  =  4.8. 


For  Mercury,  with  the  following  values  of  the  elliptic 
elements: 

c  =  300  000  kilometers  per  second 
a  =  0.3871  X  149  501  000  kilometers 
T  =  S8.0  mean  solar  days 
n  =  14732". 42  per  mean  solar  day 
e  =-  0.20561 

A- 
I  find    —  du  =  7". 14    per  Julian  century,  which  agrees 
2;>  • 

with  Prof,  de  Sitter's  value*.      Equating  7".14/x  to  the 

*l.c,  p.  40.3. 


33". 95  in  the  perihelion 


using 

tne  integral  value  0  tor 

[eJB] 

■ 

f  Mi  rem  7 
!    Venus 
Earth 
[_  Mars 

35.7 
7.2 
3.2 
1.1 

7.35 
0.04 
0.06 
0.10 

and  the 

outstanding  differences 

on  page 

12  are 

changed 

into: 

f  Mercury 
dir  j  Vi  nun 
e  rf7  ]  Mars 
t  Earth 

-o'37±(U3 

-0.14     0.25 
-0.08     0.13 
-0.03     0.35 

General  Conclusions: — Agreement  between  observa- 
tion and  .theory  is  on  the  whole  satisfactory,  and  the 
inclusion  of  the  various  neglected  terms  cannot  change 
these  values  appreciably.  In  deriving  the  results  above 
the  inertial  axes  of  equations  (A0)  have  been  identified 
with  those  of  equations  (1).  but  were  a  complete  phoro- 
nomic  reconstruction  of  the  solar  system  effected,  with 
(Aq)  as  fundamental  equations  and  the  inertial  trihedron 
of  (1)  as  system  of  reference,  using  the  provisional  value 
5  for  n,  it  is  a  priori  probable  that  the  outstanding  differ- 
ences then  obtained  between  observation  and  theory, 
would  in  some  cases  exceed  their  probable  errors.  Two 
methods  of  adjustment  would  then  be  open.  A  new-  set 
of  inertial  axes  rotating  relative  to  the  old  with  undeter- 
mined angular  velocity  (p,  q.  r)  could  be  assumed  and 
p.  q  and  /■  determined  as  in  the  first  part  of  this  paper,  or 
an  additive  correction  could  be  applied  to  /1  and  deter- 
mined by  the  same  general  procedure.  Both  methods 
could,  of  course,  be  simultaneously  or  successively  em- 
ployed. Such  a  reconstruction  of  the  theory  is  desirable 
before  the  lunar  problem  is  attacked,  inasmuch  as  it 
would  appear  for  the  moment  that  the  general  planetary 
problem  may  yield  to  the  treatment,  and  the  application 
of  the  reconstructed  theory  to  the  Moon's  motion  would 
furnish  a  final  test. 

Washington  University,  St.  Louis,  March  1912. 
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SYSTEMATIC   MOTIONS   OF   THE  STARS  ARRANGED  ACCORDING    TO   TYPE, 

By  BENJAMIN    BOSS. 


In  A.J.  620,  I  undertook  a  study  of  the  systematic 
motions  of  the  stars  of  type  P>.  In  that  paper  it  w  as  si 
that  although  (here  seemed  to  be  a  tendency  toward 
drifting  in  one  or  two  regions,  on  the  whole  the  motions  of 
the  B  stars  were  at  random,  a  result  independently  arrived 
at  by  Professor  Campbell  from  a  study  of  the  radial 
velocities  of  type  B  stars  (L.O.B.  195).  The  preferential 
motion  visible  in  later  types  had  apparently  not  developed 
at    this  early  stage. 

Another  peculiarity  oi  the  15  type  stars  is  their  distri- 
bution in  a  belt  nearly  coincident  with  the  Galaxy.  This 
belt  is  about  2o°  wide.  Outside  of  it  there  are  practically 
no  B  type  stars. 

We  also  find  that  the  motus  peculiaris  of  these  stars  is 
very  small,  when  compared  with  later  types 

On  the  other  hand  there  is  a  decided  preferential  motion 
in  stars  of  later  types,  and  a  more  general  distribution  over 
the  sky. 

If  this  is  the  case,  then  by  natural  inference  the  develop- 
ment of  preferential  motion  and  a  more  even  distribution, 
must  take  place  in  the  type  following  the  B  type,  or  in  the 
A  type.  The  rapid  acceleration  of  the  velocities  of  A 
type  stars  leads  to  the  same  conclusion. 

Consequently  it  seemed  advisable  to  make  a  thorough 
study  of  the  motions  of  stars  of  type  A. 

It  might  be  well  to  state  in  advance,  that  with  the 
exception  of  a  few  A  stars  to  be  mentioned  later,  all  the 
proper-motions  employed  in  this  paper  have  been  taken 
from  the  Preliminary  General  Catalogue,  by  Prof .  Lewis 
Boss,  and  have  been  corrected  for  revised  precession  and 
motion  of  the  equinox,  according  to  the  formulas  on  page 
XXYIII  of  the  Introduction  to  the  P.G.C  For  the  con- 
struction of  the  diagrams,  the  position-angles  of  proper- 
motion  were  computed  with  reference  to  the  apex  of  solar 
motion  as  determined  in  A.J.,  No.  614;  R.A.=  270.°52, 
Decl.  =  +  34.°28.  It  would  have  been  better  to  compute 
these  position  angles  with  respect  to  the  vertex  of  pref- 
erential motion,  but  as  the  position  angles  with  reference 
to  the  apex  of  solar  motion  were  already  available,  it  was 


not  deemed  worth  while  to  recompute  them  with  reference 
to  the  vertex  of  preferential  motion. 

The    method    of   construction    of   these    diagrams    has 
already  boon  outlined  on  page  163  of  A.J.,  No.  620. 

The  sky  was  divided  according  to  galactic  coordina 
into  areas  more  or  less  equal,  the  divisions  being  made  as 
follows: 

Area  ;  X 


o 

O 

o 

o 

O 

O 

1- 

-18 

+  10  to 

-10 

80- 

-100 

100 

-120 

etc. 

19- 

-36 

+  10  to 

+30 

80- 

-100  : 

100 

-120 

etc. 

37 

54 

- 10  to 

-30 

80- 

-100 

100 

-120  ; 

etc. 

55 

-68 

+  30  to 

+  50 

90- 

-115.7 

115.7 

-141.4; 

etc. 

69 

-82 

-30  to 

50 

90- 

115.7 

115.7- 

-141.4; 

etc 

83 

-91 

+  50  to 

+  70 

70- 

110  : 

110 

- 150  ; 

etc. 

92- 

lilt) 

-  50  to 

-70 

70- 

-110 

110 

- 150  ; 

etc. 

101- 

-  104 

+  70  to 

+  00 

0- 

-360 

105- 

-  108 

-70  to 

-90 

0- 

-  360 

Proper-motions  20"  per  century  or  larger  have  been  ex- 
cluded, because  in  the  main  these  proper-motions  result 
from  large  parallax,  and  therefore  give  a  distorted  idea  of 
the  configuration. 

The  direction  of  the  vertex  of  preferential  motion  has 
been  indicated  on  each  individual  diagram.  In  order  to 
make  composites  of  two  or  more  areas  it  was  necessary  to 
find  a  center  of  motion,  freed  from  the  effects  of  the 
parallactic  motion  due  to  the  Sun's  way  through  space. 
This  was  accomplished  by  laying  off,  on  the  line  directed 
toward  the  antapex  of  solar  motion,  a  distance  equal  to 
M  sin  A,  where  M  is  the  centennial  parallactic  drift  at 
90°  from  the  solar  apex,  and  A  is  the  distance  of  the  center 
of  the  region  depicted,  from  the  apex  of  solar  motion.  In 
this  case  the  value  of  M  =  3".85,  determined  by  Prof. 
Lewis  Boss,  has  been  taken  from  page  112  of  A.J '.,  614. 

In  the  formation  of  composites  of  two  or  more  areas 
these  parallactic  centers  have  been  superimposed,  and  the 
directions  toward  the  vertex  have  been  made  to  coincide. 
In  the  case  of  two  diametrically  opposite  areas,  the 
diagrams  have  been  placed  face  to  face.  This  brings  the 
direction  of  the  north  galactic  pole  and  the  direction 
toward  the  apex  of  solar  motion  into  coincidence. 

(83) 


M 
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Unfortunately  when  composites  are  made  of  other  area,-. 
there  will  be  certain  distortions  of  the  composite  figure 
owing  to  the  fact  that  the  directions  of  the  apex  of  solar 
motion  and  the  north  galactic  pole  will  not  coincide  when 
(lie  diagrams  are  superimposed. 


\ 


/. 


/!rfas    : 
5       ■  SO' 


\ 


ny.2. 


tpt  A 

3S./0$,/07,l06. 

6        -    30* 


/ 


1L 


Even  in  the  case  of  two  diametrically  opposite  areas 
there  will  be  a  certain  amounl  of  distortion  owing  to  the 
fad  that  the  mean  parallax  of  the  stars  in  each  area  may 

differ  seriously  from  each  other  and  from  the  mean  parallax 


of  all  the  stars  in  the  P.G.C.  employed  in  marking  the 
parallactic  center  for  each  diagram. 

Likewise  a  certain  amount  of  distortion  must  arise  from 
the  transposition  of  motions  from  the  extremes  of  any 
individual  area  to  its  center,  the  course  pursued  in  the 


fly.  J. 


F:qJ_     Type  A. 

3t,-2-J-4-S-6-7-6 
b 


\ 


ny- 


4. 


Areas  =  &J,a?.96t,  loot. 

6     •   eo' 


. 


construction  of  the  schematic  groups  represented  in  the 
diagrams. 

In  order  to  obtain  the  best   possible  illustration  of  the 
distribution  of  motion  of  the  stars  of  each  type,  those 
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areas  were  selected  whose  centers  are  approximately  90° 
from  the  vertex  of  preferential  motion.  In  other  words 
we  are  dealing  with  a  zone  whose  poles  are  the  vertex  and 
ant  i  vert  ex  of  preferential  mot  ion. where  the  proper-motions 
should  be  and  are  at  a  maximum. 


\  ' "    nS-  s 


Thus  we  have  a  representation  of  the  systematic  motions 
of  the  stars  at  different  galactic  latitudes. 

Type  A.     (B8  to  A3). 
The  first  area  dealt  with  (Fig.  1 1  is  the  region  surround- 


n9- 


rigS,    Typejl 

eJ.t?.S£i./oo£ioi,m, 
i      -■  so' 
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\ 


Fy.6. 


'     Typi  A  - 

6  V  6  6  7S,  Si 
6        '     40' 


....     if. 


i     ■     ■     ■     ■    T    , 


f,     ,     ,     ,     f 


-  ns-J- 


-jr 


Fiy  6,     Tifpi  A 
/treat  -■  SJ.60.6i  69.  ri.6l.tJ.66, 
M.SI,m.S3i.$7/  fit 
i      -    60' 


r 


.•• 
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As  the  number  of  stars  in  individual  areas  were  generally 
insufficient  to  draw  any  conclusions  from,  composites  were 
first  made  of  opposite  areas,  and  these  duplicate  areas 
were  later  combined  according  to  their  galactic  latitude. 


•jj  •>• 


»•'.' 


■fiy  S,  Type  A 
Areas  ■-  /S\2?.iSjej?,4S.4e,S4, 
i      '   d<3' 


ing  the  north  galactic  pole,  described  by  a  circle  whose 
radius  extends  20°  from  the  pole. 

It  soon  became  apparent  that  there  is  a  strong  tendency 
for  the  A  stars  to  elongate  in  the  directions  of  preferential 
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motion.  Not  only  this  but  there  seems  to  bi  a  tei  dency 
for  the  stars  to  divide  themselves  among  three  groups.  As 
might  easily  lie  attributed  to  an  accidental  distri- 
bution, it  was  deemed  necessary  at  considerable  labor  to 
derive  the  proper-motions  of  a  few  additional  A  stars  in 
the  region  of  the  north  galactic  pole.  The  positions  of 
ed  i'\  open  circles. 

A  glance  will  show  that  this  additional  material  does 
not  in  the  least  change  the  original  groupings. 

In  order  to  test  whether  this  effect  might  not  be  due  to 
local  streaming  in  the  vicinity  of  the  galactic  north  pole, 
I  next  constructed  Fig.  2.  the  galactic  south  pole. 

While  the  material  in  this  region  is  scanty  and  far 
from  satisfactory,  it  is  evident  that  the  same  tendency 
toward  grouping  is  shown  in  that  region. 


I'm.  '■'>  shows  a  composite  oi  Fig.  1  and  Fig  2.  It  em- 
phasize- t  he  groupings. 

Then  passing  along  the  selected  zone  to  the  regions 
whose  centers  lie  at  60°  galactic  latitude,  four  area-  were 
combined  to  form  Fig.  4.  This  figure  has  so  few  stars  that 
alone  it  does  not  give  much  evidence  of  any  kind,  but  in 
Liu.  5,  which  is  a  composite  of  Fig.  3  and  Fig.  4.  it  can  l>e 
seen  that  the  general  conclusions  as  to  the  existence  of 
three  streams  among  the  A  stars  is  upheld. 

Not  only  that,  but  still  a  fourth  stream  seems  to 
appear. 

It  is  exceedingly  dangerous  to  multiply  the  number  of 
streams  every  time  a  new  knob  appears  in  the  diagrams. 
So  in  order  to  tesl  the  reality  of  this  fourth  stream,  I 
resorted  to  the  two  zones  located  at  75°  and  105°  from  the 


Table  I;  Vertex  Group. 


P.(,.C. 

Name 

Mat;. 

Type 

R.A.  is:,', 

Decl.  1875 

:• 

6 

c-o 

J 

6054 

M 

1  0 

B9 

)]         in 

2::  26.3 

-38*31 

0.2 

84.4 

06.1 

+  12  0 

8s!s 

6060 

Br  3133 

6.2 

.1 

2::  27.7 

-    1   50 

11.0 

95.7 

95.6 

-   0.1 

92,3 

6147 

L  9658 

6.0 

.1 

23  50.8 

-63  39 

6.6 

75.1 

89.5 

14.4 

S3.6 

6152 

Br  3188 

0.0 

.1 

23  51  0 

-16 

8.3 

97.6 

94.3 

-    3.3 

85.0 

35 

B    5 

6.1 

.1 

0     8.6 

+  8     8 

MM 

104.4 

96.6 

7.8 

83.2 

77 

K    /' 

4.0 

-1, 

0  20.0 

-44  22 

10.0 

75.1 

86.5 

+  11.4 

78.6 

99 

A  Pha  i   < 

5.0 

•b: 

0  25.4 

-40  30 

13.0 

84.7 

84.5 

-   0.2 

7s  1 

225 

a  Sen! jit 

5.7 

.1 

0  56.5 

-32   14 

8.0 

85  7 

84.0 

1.7 

70  1 

331 

Br  200 

5.2 

A 

1  23.6 

-22  17 

5.0 

00.0 

84.9 

5,1 

63.4 

345 

Br  210 

5.S 

-1, 

1  28.5 

-16   19 

0.5 

85.2 

87.5 

+   2.3 

61.9 

Paris  2056 

5.8 

A 

1   32.0 

-21  r^r, 

0.0 

68.6 

84.1 

-  15.5 

61.3 

4(11 

L  523 

5.3 

A 

1   41.3 

-54     0 

13.0 

64.2 

07.2 

-   3.0 

67.8 

Br  lf.o 1 

5.0 

A 

11   42.2 

+  14  50 

9.8 

273.5 

264.0 

-   9.5 

A  rm  2550 

6.2 

A 

11   4  1  5 

+  12  58 

12.3 

270.0 

265.0 

-  5.0 

92.9 

3183 

Br  1635 

6.0 

A 

12     7  1 

+  10  57 

0.2 

250.4 

266.0 

+  15.0 

98.3 

3192 

Br  1639 

5.3 

A, 

12     0.6 

+  15  36 

7.6 

245.8 

260  s 

•21.0 

00.2 

3210 

t)  Virginis 

4.0 

.1 

12   13.5 

+   02 

6.3 

24s.  7 

264.4 

+  15.7 

00.0 

Pi  52 

6.1 

A 

12    14.0 

+26  42 

16.2 

27S. 0 

200.1 

9.8 

100.6 

Pi  57 

6.0 

A 

12    15.0 

+  25  28 

6.5 

271.0 

269.1 

■   1.9 

101.0 

3229 

Br  1660 

6.2 

.1 

12   17.6 

+  43   14 

8.1 

274.0 

272. s 

2.1 

101.0 

3277 

Br  1683 

5.6 

.1 

12  27.3 

-   S  46 

si 

272  s 

277.5 

-    4.7 

101.4 

3283 

Pi  130 

1.9 

.1 

12  2S.6 

+  23   10 

7.0 

277.4 

200  9 

—    7.5 

103.5 

3310 

Br  1702 

5.7 

.1 

12  35.6 

-  7  30 

7.5 

261.5 

266.3 

+  4.8 

105.0 

3323 

Br  1704 

5.4 

.1 

12  30:; 

-    s  21 

11.0 

271.6 

266.6 

-  5.0 

106.0 

3338 

Br  1712 

6.4 

A 

12  42.9 

4  10     9 

5.3 

275.4 

27s. 0 

+   3.5 

104.S 

3339 

Br  1711 

6.0 

A 

12    i::  2 

+2S   14 

9.2 

27s.  1 

272.9 

5.2 

107.0 

3343 

Groomh  1031 

6.1 

A 

12  44.2 

+  3S  12 

9.8 

270.4 

276.1 

-  3.3 

106.5 

Grwv  251 

6.3 

A 

12    18.2 

+  34  13 

10.6 

289.3 

275.5 

- 13.8 

107.7 

3373 

Br  1720 

6.2 

.1 

12  50.8 

+  54  47 

7.2 

266.8 

282.0 

-15.2 

105.0 

Pi  268 

0.1 

A 

13     0.2 

+29  42 

7.7 

257.2 

275.6 

+  18.4 

110.6 

3415 

Br  1751 

6.2 

A 

13     4.3 

+  39  10 

7.6 

203.2 

279.7 

-13.5 

110.2 

Pi  36 

6.3 

.1 

13  10.5 

+20  27 

US 

288.8 

273.0 

15.8 

113.6 

3466 

Pi  71 

6.5 

.1 

13   16.6 

+  44  33 

7.2 

271.6 

283  9 

+  12.3 

111.4 

34!  >4 

Pi  110 

5.5 

A 

13  23.9 

+60  36 

9.0 

293.7 

200.0 

-   3.1 

107.6 

3512 

Br  1791 

1.8 

As 

13  20.1 

+  49  39 

11.4 

278.6 

288.4 

+   0s 

112.0 

3530 

Br  1700 

5.5 

A, 

13  34.7 

+  53  33 

15.1 

202.2 

201.1 

-    1.1 

111.5 

3591 

Pi  235 

6.1 

.1 

13  47.5 

+29   10 

11.6 

277.9 

281.9 

+   4.0 

120.0 

3613 

Br  1830 

6.3 

.4 

13  55.5 

-27  59 

7  0 

273. s 

282.4 

+  8.6 

122.8 

3626 

a  Draconis 

3,5 

.1 

14     1.0 

+  64  58 

5.2 

289.1 

301.2 

+  12.1 

100.5 
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vertex  of  preferential  motion,  and  selecting  the  areas  of 
highest  galactic  latitude  within  these  zones,  constructed 
Fig.  6  which  is  composed  of  areas  55,  60,  62,  69,  76,  81 .  84, 
-      38,91,92^  1\,  99£.     This  figure  gives  the  same 

general  outline  shown  in  Fig.  5,  the  knob  which  indicated 
a  fourth  stream  still  persisting,  showing  the  reality  of  this 
,m. 
These  streams  are  not  streams  in  the  sense  of  the  Ta 
group.     In  order  to  give  some  idea  of  them  I  have  pre- 
pared three  tabli  - 


The  group  which  extends  in  the  direction  of  the  vertex 
of  preferential  motion  I  shall  call  the  Vertex  Group  or 
Group  I:  that  which  extends  toward  the  antivertex.  the 
Antivertex  Group  or  Group  II;  the  group  lying  between 
them  the  Galactic  Group,  or  Group  III;  and  the  group 
extending  in  the  general  direction  of  the  antapex.  the 
Antapex  Group,  or  Group  IV. 

The  first  column  of  Tallies  I.  II  and  III  gives  the  number 
of  the  star    n  the  Pr  I  atalogue.     The 

next    five    columns    are   self    explanatory.     The    column 


Tabli:  II;   Antivertex  Group. 


P.<;.<\ 


- 

L  501 

3052 

Pi  1111" 

3117 
3123 

y  f 

Br  1613 

3150 

B    1622- 

3190 

3202 

&  Urs.  Maj. 
Br  1643 

3257 

Br  1076 

3309 

P  1 

Br  17(i7 

3337 

Br  1710 

3360 

Br  172" 

3303 
3474 

■ 

c  Urs   Mai. 
?  Urs.  Maj 
Pi  184 

3580 

Pulley  2066 

Type 

R.A.  1875 

Decl.  L875 

0 

i  ■_.  i 

J 

M 

h       m 

O 

/ 

9 

O 

O 

o 

a 

: 

.1 

1  3i 

-37 

28 

1  6 

242.0 

241.2 

1.7 

104.0 

6.0 

.1 

11  29.7 

-  2s 

28 

3.7 

110.4 

109  0 

-   9.5 

124.8 

2.3 

.1 

11   47.2 

-54 

23 

0.5 

87.0 

93.6 

+  6.6 

127.0 

5.7 

.1, 

11  49.2 

lu 

21 

2.7 

100  5 

117  3 

+  16.8 

115.8 

6.2 

.1 

11    " 

-22 

9 

4.0 

102.5 

1 15.0 

+  12.5 

116.6 

3.3 

-1. 

12     0  2 

57 

44 

11.3 

s7.4 

95  6 

+  S.2 

124.2 

6.1 

.1 

12    12.3 

-   0 

6 

:;.i 

120.6 

122.2 

-      1    s 

102.7 

5.9 

.1 

12  23.4 

21 

35 

till 

137.0 

117.4 

-  19.6 

111.0 

5.0 

.1 

12  35.0 

-  10 

13.6 

136.8 

119.7 

-17.1 

103.4 

0.3 

.1 

12   40.0 

12 

5.5 

115  6 

119.6 

-   3.1) 

103.1 

O.D 

.1 

12  42.0 

-  14 

4s 

5.2 

131.1 

110    x 

-11.3 

103.8 

0.5 

.1 

12  47.0 

-13 

6 

lis 

116.9 

110.7 

+   2s 

101.!) 

1.6 

A/i 

12  48.5 

38 

11.7 

04.4 

104.0 

+  9.0 

lis. 7 

2.2 

Ap 

13  1S.9 

.-.", 

35 

13.0 

102.4 

110.2 

+  7.8 

114.4 

0.0 

A 

13  37.6 

65 

27 

0.2 

100.2 

109.6 

-   0.4 

115.6 

6.9 

.1 

13  -15.0 

35 

24 

3.4 

120,-. 

120.3 

-    0.2 

101.4 

Table  III:    Antapex  Group. 


PjQ  < 

Name 

Mas. 

Type 

R.A.  1875 

Decl.  1875 

0 

0c 

c-o 

J 

5680 

0  A  q 

If 

4.4 

B, 

h        ta 

21    " 

14 

20 

147  s 

1452 

-   2.6 

112.0 

5828 

L  9181 

6.5 

.1. 

22  29.2 

-41 

14 

9,3 

158.7 

143.3 

-15.4 

87.0 

5831 

L  9183 

6.0 

.1.. 

29.7 

-41 

14 

9.2 

14,s7 

143.3 

-    5.4 

87.0 

5044 

a  Pi  gasi 

2.6 

A 

22  5s. 5 

-14 

32 

7.7 

127.6 

128.1 

+  0.5 

123.8 

603] 

K    PisC. 

5.0 

.1., 

23  2     ■ 

0 

34 

12.8 

135.9 

132,5 

-    3.4 

110.6 

6087 

oi  A-i 

4.7 

A 

23  36.2 

-15 

14 

10.9 

124.0 

134.2 

-   96 

0110 

A  Sculpt 

4  7 

.1 

23  42.4 

28 

40 

14  o 

133.6 

133.8 

-    0.2 

86.4 

0140 

■q  Tucan. 

5  2 

A, 

23  51.0 

: 

0 

1 1  6 

127.3 

124  2 

-   3.1 

61.9 

100 

(21  Tuca 

4.6 

B3 

0  25.8 

-63 

30 

10.0 

121.9 

118.1 

-    3.s 

59.4 

101 

/8"  Tucan. 

4.6 

A., 

0  25  s 

-63 

39 

11.1 

125.1 

118.1 

-    7.0 

59.4 

107 

L  123 

5.3 

-L 

0  27.0 

-  63 

43 

''.2 

116.6 

118.0 

+    1  4 

50.2 

240 

Br  132 

5., 

A, 

1      1.2 

-  2) ) 

4 

12.9 

130  o 

127.5 

-   9.4 

101.6 

_• 

L  328 

6.2 

.1 

1     7.0 

-38 

31 

9.3 

112.2 

122  s 

+  10.6 

66.6 

396 

€  Sculpt. 

r,r, 

A 

1  39.8 

-25 

41 

17.1 

110.2 

124.5 

-  14.3 

67.9 

422 

-/  Ariel." 

4.1 

Ap 

1  46.7 

-   is 

41 

14.0 

144.2 

130.4 

-13.8 

04.1 

524 

<t>  End. 

3.8 

B. 

2  12.0 

-52 

5 

8.4 

111.7 

100  5 

-    5.2 

50.6 

611 

L  827 

4.0 

A 

2  35.0 

-43 

20 

9.3 

115.5 

110.2 

-   5.3 

49.6 

885 

L  1244 

5.0 

Bs 

3  44.0 

-38 

0 

8.5 

102.7 

10s. 5 

-  5.8 

39.0 

2773 

Pi  70 

6.2 

A 

0)  20.0 

-  42 

14 

9.9 

200.7 

215.2 

+  5.5 

92. ,s 

2074 

6  Li  1 

3.3 

A 

11     7.7 

+  16 

7 

10.3 

215.1 

223.1 

+  S.o 

79.0 

2987 

Br  1555 

4.8 

A, 

11   12.3 

+38 

52 

213.9 

223.0 

+   9.1 

96.4 

Paris  14287 

6.5 
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headed,    m0-    gives  the  centennial  proper-motion  of  the 

star.  The  next  column,  6.  gives  the  observed  position- 
angle  of  the  proper-motion  with  reference  to  the  North 
Pole,  while  the  column  headed.  0,..  gives  the  position  angle 
at  the  star  between  the  north  pole  and  the  computed  con- 
vergent for  the  group.  The  column,  C-<  >,  is  the  difference, 
0e-0.  The  last  column,  J,  gives  the  distance  of  each  star 
from  the  computed  convergent  for  the  group. 

It  will  be  noted  that  in  all  of  the  tables,  though  there 
are  some  large  residuals  in  the  column  headed,  C-O,  in 
general  these  quantities  are  small,  showing  a  decided 
tendency  of  motion  in  the  favored  direction. 

The  adopted  convergents  for  the  three  groups  are  as 
follows: 


I!. A.  Com-.       Deol.  I'onv. 


( iroup 


1875 


1875 


I 

Vertex 

84 

-  6 

17s 

-17 

11 

Antivertex 

288 

-31 

334 

-20 

IV 

Ant  apex 

107 

-40 

218 

-12 

It  must  lie  remembered  that  as  the  stars  involved  in  the 
determination  of  these  convergents  are  confined  to  parti- 
cular regions  in  the  neighborhood  of  the  galactic  poles,  the 
positions  of  the  convergents  might  be  changed  somewhat 


by  including  all  the  stars  belonging  to  each  group.  But 
as  will  subsequently  be  seen,  it  is  a  difficult  matter  to  pick 
out  the  individual  stars  belonging  to  each  group  in  the 
areas  situated  at  lower  galactic  latitudes.  The  conver- 
gent of  Group  I  or  the  Vertex  Group  is  11°  distant  from 
the  apex  of  Eddington's  drift  1  and  is  14°  from  the  con- 
vergent of  the  Taurus  group. 

The  indications  therefore  point  strongly  to  a  connection 
between  the  three  drifts.  But  whereas  Group  I.  repre- 
sents stars  scattering  like  a  charge  of  buckshot,  the  stars 
of  the  Taurus  group  are  moving  in  parallel  lines.  Un- 
doubtedly the  same  influence  which  causes  the  formation 
of  Group  1  has  also  brought  about  the  parallel  motion-  ol 
the   Taurus  group. 

Group  II  or  the  Antivertex  Group  is  33°  from  the  Apex 
of  Eddington's  Drift  II  and  18°  from  the  convergent  of 
the  Ursa  Major  group.  As  but  a  slight  change  in  the 
proper-motion  causes  a  decided  change  in  the  convergent 
«>f  this  group,  these  three  groups  are  also  intimately  con- 
nected, and  are  most  probably  due  to  the  same  influence 
which  causes  the  motions  toward  the  vertex  of  preferential 
motion. 

(iroup  IV  I  have  called  the  antapex  group  because  its 
convergent  lies  only  14°  from  the  Antapex. 


P.G.C. 
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An  inspection  of  the  comparatively  speaking  small 
residuals  in  the  column,  C-<  >.  of  this  group,  shows  that  it 
partakes  more  of  the  nature  of  the  Taurus  group,  than 
either  vertex  or  antivertex  group. 

In  order  to  test  the  reality  of  any  existing  parallel 
motion  among  the  stars  of  this  group,  I  have  arrai 
their  mean  proper-motions  by  groupings  according  to 
distance  from  the  convergent,  and  compared  these  mean 
proper-motions  with  the  proper-motion  computed  on  the 
basis  of  true  parallelism  of  motion: 


No.  ^  ^ 


J.. 


.".. 


/*,,  Comp. 


6 

s7 

11.3 

ii.:; 

•") 

SI 

11.1 

11.2 

4 

66 

10.2 

10.3 

•") 

r.7 

9.6 

9.5 

Because  of  the  small  number  of  stars  in  each  grouping, 
the  perfect  agreement  of  observed  w  th  computed  proper- 
motion  must  lie  considered  as  accidental,  hut  the  tendency 
for  the  two  to  agree  may  he  real. 

Only  a  study  of  the  radial  velocities  of  the  stars  of  this 
group  can  confirm  the  reality  of  the  apparently  nearlj 
parallel  motion. 

I  have  made  no  determination  of  the  apex  of  Group  111, 
the  Galactic  Group.  But  by  inspection  the  apex  of  this 
group  lies  in  the  general  direction  of  the  antapex  of  solar 
motion. 

In  order  to  get  a  better  idea  of  these  four  groups  of  A 
stars.  I  appealed  to  Professor  Frost  for  values  of  the 
radial  velocities  of  some  of  the  brighter  of  these  stars- 
Although  Professor  Frost  very  generously  responded  with 
all  the  material  he  had  prepared,  these  stars  turned  out  to 
he  almost  wholly  spectroscopic  binaries.  Where  the  ob- 
served range  was  small,  the  observed  velocities  were  small. 

In  analyzing  the  results,  recourse  must,  be  had  to  the 
general  results  for  radial  velocities  obtained  by  Professor 
Campbell  in  L.O.B.  196. 

In  the  paper  referred  to  Prof.  Campbell  found  that  the 
radial  velocities  of  the  A  stars  indicated  a  strong  preference 
for  motion  in  the  galactic  plane.  A  part  of  this  effect  is 
the  natural  result  of  the  preferential  motion  for  all  the 
stars,  but  this  does  not  account  for  the  whole  effect. 

In  M  A7..  Vol.  LXXII,  No.  3,  Mr.  Plummer  finds  a 
striking  resemblance  between  the  mean  observed  radial 
velocities  at  different  galactic  latitudes  as  found  by  Camp- 
bell, and  the  radial  velocities  computed  on  the  hypothesis 
that  the  A  stars  are  uniformly  scattered  over  the  sphere 
and  are  moving  strictly  parallel  to  the  galactic  plane 

The  agreement  of  these  results  with  those  founded  on 
proper-motions  in  this  paper  would  seem  to  render  it 
fairly  evident,  that  not  only  are  the  A  stars  moving  very 
nearly  in  the  plane  of  the  galactic  equator,  but  they  show 
a  decided  tendency  to  move  in  definite  groups  in  this  plane. 


While  the  stars  in  these  groups  are  not  moving  in  strictly 
parallel  lines,  they  are  moving  in  paths  but  slightly  in- 
clined to  the  general  direction  of  the  group  motion. 

Group  III,  or  the  Galactic  Group,  is  of  considerable 
interest,  for  this  group  has  a  very  slight  group  motion  at 
besl .  and  in  addition  the  individual  motions  of  these  stars 
seems  to  be  -mall.  This  is  the  group  which  has  led  to  the 
three  stream  idea. 

Though  the  apex  of  this  group  appears  to  be  in  the 
direction  of  the  antapex  of  solar  motion,  the  position  of 
the  parallactic  center  as  plotted  indicates  that  the  real 
drift  is  toward  the  solar  apex.  This  suggests  the  possi- 
bility that  some  of  these  stars  may  belong  to  a  group  of 
which  the  Sun  is  a  member.  On  the  other  hand  a  slight 
change  in  the  position  of  the  parallactic  center  would 
place  it  in  the  midst  of  Group  III,  which  would  indicate 
that  these  stars  are  endowed  with  very  small  random 
motions,  resembling  the  B  stars. 

Two  tests  of  the  possibility  of  a  solar  group  would  be  the 
probable  large  parallaxes  of  these  stars,  anil  a  determina- 
tion of  solar  velocity  based  upon  the  radial  velocities  of 
these  stars.  Unfortunately  neither  are  available  at 
present . 

There  is  another  explanation  of  Group  III. 

As  has  already  been  demonstrated,  the  P  type  stars  are 
confined  to  the  Galaxy,  and  these  stars  have  very  small 
peculiar  motions. 

We  would  therefore  expect  to  find  but  slightly  increased 
motions  among  the  A  stars  lying  in  the  ( lalaxy,  as  in  the 
acceleration  of  motion  the  A  stars  follow  the  B  type. 

Again  if  we  consult  Professor  Pickering's  results  for 
the  distribution  of  the  brighter  stars  to  6.25  visual  magni- 
tude (H.C.O.,  Vol.  (54,  4)  we  see  that  he  concludes  that  the 
effect  of  the  Milky  Way  perseveres  over  the  entire  sky  even 
in  high  latitudes. 

Therefore  combining  these  two  facts  we  would  expect  to 
find  a  certain  number  of  Galactic  stars  even  in  the  regions 
around  the  poles  of  the  Galaxy,  and  these  stars  progress- 
ing in  acceleration  from  the  B  stars  would  naturally  have 
but  slightly  increased  motions. 

Therefore  we  ought  to  expect  to  find  such  a  group  as 
Group  III. 

The  existence  of  Groups  I,  II  and  IV,  whose  peculiar 
motions  are  large,  can  easily  be  accounted  for. 

Prof essor  Lewis  Boss  (.1 .,/.,  023-4,  p.  193)  has  tabulated 
the  proper-motions  of  the  A  stars  arranged  according  to 
galactic  latitude.  In  the  last  column  of  this  table  he  gives 
the  actually  observed  relative  linear  velocities.  By  this 
it  is  seen  that  with  increase  in  galactic  latitude  there  is  a 
large  increase  in  the  linear  velocity  of  the  A  stars.  Though 
a  part  of  this  can  be  accounted  for,  there  still  remains  a 
decided  increase  of  velocity  with  increase  in  latitude. 

When   we   consider   Professor  Campbell's   results    fo 
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radial  velocities  (L.O.B.,  196,  p.  130)  in  connection  with 
the  results  obtained  by  Prof.  Lewis  Boss,  it  is  readily 
seen  that  the  A  stars  must  in  general  move  in  paths  but 
slightly  inclined  to  the  Galaxy. 

Also  when  we  consider  the  results  obtained   by   Prof. 


fiy. 


C 


,    /   3    lO.'S 


rv- 


10 


Galaxy  on  regions  of  high  galactic  latitude  (as  shown  by 
Group  111),  the  rest  of  the  A  stars  in  this  region  have 
reached  the  high  latitudes  by  virtue  of  their  large  peculiar 
motions  which  have  been  able  to  carry  them  there,  and  as 
in  the  case  of  the  A  stars  these  motions  in  general  are  but 


/if.// 
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rtf.  /<?. 


.     Type-  * 
Area    •   40 
6       ■  -ZO' 


riy  'O.     Type   * 
Arta.     -    J' 


Lewis  Boss  (A  .J.,  623-4)  in  which  he  finds  that  the  tend- 
ency for  the  slow  moving  stars  to  cluster  around  the 
Galaxy  is  lost  to  a  large  degree  among  the  swifter  moving 
stars,  we  must  conclude  that  outside  of  the  effect  of  the 


C 


slightly  inclined  to  the  Galaxy,  the  proper-motions  of  such 
stars  in  the  vicinity  of  the  poles  of  the  Galaxy  should  be 
strikingly  larger  than  the  proper-motions  of  the  stars  of" 
Group  111. 
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This  is  the  exact  observed  state,  and  accounts  for  the 
distinct  division  between  the  groupings  of  A  stars  in  the 
vicinity  of  the  galactic  poles. 

But  if  this  reasoning  is  correct,  we  would  expect  to  find 
these  groupings  closing  up  as  we  neared  the  Galaxy,  until 
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Figures  7,  8,  9  show  this  tendency. 

Fig.  7  represents  areas  61,  68,  75,  82  which  lie  at  40° 
latitude.  It  contains  too  few  stars  to  base  any  conclusions 
on,  but  there  seems  to  be  a  tendency  toward  grouping  even 
there. 
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in  the  Galaxy  there  should  be  but  a  comparatively  slight         Fig.  S  represents    areas  19.  27.  28,  36.  37.  45,  46,   ">4 
elongation  of  the  motions  in  the  direction  of  preferential     at  latitude  20°.     Even  at  this  low  galactic  latitude  there 


motion,  the  motus  peculiaris  being  very  much  diminished. 
to  accord  more  closely  with  that  of  the  B  type. 


is  a  decided  tendency  toward  separation  in  groups,  although 
the  division  between  groups  is  not  marked  as  in  the  ease 
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of  the  region  around  the  galactic  poles.  In  this  figure. 
( iroup  IV  has  naturally  been  lost  sight  of,  for  we  are  look- 
ing  toward  its  vertex  at  this  point. 

Fig.  9  represents  areas  1.  9,  10.  IS  in  the  Galaxy.     In 
this  case  all  trace  of  the  division  between  groups  vanishes. 
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Therefore  the  foregoing  conclusions  would  seem  to  be 
well  founded. 

In  order  to  further  show  the  reality  of  Group  IV,  I  am 
presenting  figures  10,  11  and  12  of  areas  21,  39,  40.  where 
the  preferential  motion  should  be  slight  while  the  motion 
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They  have  so  thoroughly  telescoped  that  the  resultant 
figure  merely  shows  an  elongation  in  the  direction  of  pref- 
erential motion.  Also  these  motions  differ  hut  little  in 
size  from  those  of  the  B  type  stars. 


>•....   ■'•.  .   . 


of  Group  IV  stars  should  be  near  the  maximum.  In  each 
case  a  grouping  will  be  noticed  toward  the  antapex  of 
solar  motion,  the  general  direction  of  the  apex  oi 
(iroup    IV. 
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It  is  interesting  to  note  that  the  Pleiades,  represented 
in  Fig.  11,  form  a  part  of  this  group. 

Fig.  12  is  interesting  in  that  it  also  shows  the  A  stars 
of  the   Taunts  group. 

Also  it  is  important  to  note  that  the  Pleiades  which 
apparently  belong  to  Group  IV  are  represented  by  several 
stars  of  type  B  (.1../.,  620);  and  when  to  this  is  added 
the  fact  that  the  cluster  of  B  stars  in  Perseus,  independent- 
ly discovered  by  Kapteyn,  Eddington  and  the  writer. 
also  belongs  to  Group  IV,  it  can  be  seen  that  the  tendency 
toward  group  motion  begins  in  the  B  type  in  the  case  of 
Group  IV,  although  I  have  been  unable  to  trace  any  ten- 
dene}"  of  the  kind  in  the  cases  of  Groups  I  or  II. 


F  Type.     (A5  to  F,i. 

The  question  then  presented  itself  as  to  the  subsequent 
development  of  the  early  group  motion  shown  among  the 
A  type  stars.  For  this  purpose  I  took  the  next  type  in 
order  of  supposed  evolution,  the  F  type. 

Prof.  Lewis  Buss  in  A. J.,  623-4.  and  Prof.  Campbj  i  i 
in  L.O.B.  196  both  came  to  the  conclusion  that  as  a  type 
the  F  stars  dealt  with  by  them  are  considerably  nearer  the 
Sun  than  the  stars  of  other  types.  Consequently  the 
proper  motions  of  the  F  type  stars  are  relatively  larger 
than  for  other  types,  so  that  the  exclusion  of  centennial 
motions  greater  than  20"  would  misrepresent  the  type,  as 
their  inclusion  would  misrepresent  the  other  types. 

Therefore  in  Figures  13.  14,  15  and  16,  I  have 
included  proper-motions  of  all  sizes. 

Also  the  scale  on  which  these  figures  are  plotted  is 
10"  =  1  inch,  whereas  all  the  other  diagrams  are  on  the 
scale  of  3"  =  1  inch.  This  was  necessary  to  bring  the 
figures  within  convenient  bounds. 

Fig.  13  represents  the  same  areas  in  the  galactic 
equator  as  are  represented  in  Fig.  9. 

Whereas  Fig.  9  showing  the  A  stars,  is  distinctly  com- 
pact and  merely  shows  a  tendency  toward  preferential 
motion.  Fig.  13  is  distinctly  strung  out,  seeming  to 
indicate  that  the  stars  in  the  Galaxy  are  not  as  a  whole 
strongly  affected  by  preferential  motion  until  they  reach 
the  F  type.  In  this  region  the  F  stars  were  too  few  to  give 
any  idea  of  possible  grouping  tendencies. 

Fig.  14  includes  the  areas  at  20°  galactic  latitude 
shown  in  Fig.  8.  The  tendency  toward  stringing  out 
still  persists,  and  it  may  be  noticed  that  there  is  a  decided 
tendency  toward  the  formation  of  two  groups  along  the 
line  of  preferential   motion. 

Fig.  15  includes  the  areas  at  40°  galactic  latitude  which 
are  shown  in  Fig.  7  for  the  A  stars.  The  material  in 
this  region  is  too  scanty  to  draw  any  conclusions  from, 
although  it  is  sufficient  to  show  that  preferential  motion 
still  persists. 


Fig.  16  covering  the  same  areas  contained  in  Fig.  5 
(A  type)  shows  the  distribution  of  the  motions  of  type  F 
in  the  galactic  polar  regions. 

There  is  a  marked  contrasl  between  the  two  figures. 
The  comparatively  sharp  separation  into  groups  is  lost 
sight  of  We  must  conclude  that  as  far  as  the  evidence 
warrants  it,  the  four  groups  of  A  type  stars  have  lost  their 
group  acceleration  in  part  if  not  entirely,  and  the  groups 
have  become  intermingled. 

Type  G. 

The  material  for  this  type  was  too  scanty  to  warrant  its 
inclusion  in  the  discussion. 

Type  K. 

Figures  17,  IS,  19,  and  20  (K  type)  represent  the 
same  areas  included  in  the  composition  of  Figures  9.  s.  7, 
and  5  (A  type)  and  13.  14,  15  and  16  (F  type). 

In  each  case  it  may  be  seen  that  though  there  is  still  the 
tendency  toward  preferential  motion,  this  motion  is  not 
nearly  so  pronounced  as  in  the  ease  of  the  A  and  F  types. 
Though  the  tendency  toward  group  motion  may  still 
persist,  it  is  too  much  blanketed  to  allow  of  detection. 

G  EN  EKAL   CONCLUSK  )NS. 

A  study  of  the  material  given  in  this  paper  would  lead 
to  the  following  conclusions: 

1.  That  the  B  stars  though  apparently  exhibiting 
random  motion,  because  of  the  indetermination  of  their 
very  small  peculiar  motions,  in  reality  begin  to  be  in- 
fluenced by  preferential  motion,  as  shown  by  the  two 
groups  of  B  stars  whose  motions  are  directed  toward  the 
apex  of  Group  IV. 

2.  Because  of  this  resemblance  to  the  A  stars,  we  mighl 
conclude  that  the  motions  of  the  B  stars  are  in  general 
parallel  to  the  plane  of  the  Galaxy. 

3.  If  the  B  stars  start  from  a  state  of  rest,  as  we  are 
led  to  believe,  they  would  be  only  slightly  accelerated  by 
the  force  which  must  overcome  their  state  of  inertia,  thus 
giving  the  observed  low  velocities  of  the  B  type  stars. 

4  The  visible  effects  of  preferential  motions  practically 
originate  and  end  in  the  A  type  stars.  This  accounts  for 
the  rapid  acceleration  of  the  motions  of  the  A  stars  which 
is  not  continued  in  later  types. 

5.  The  effect  of  preferential  motions  is  to  create  four 
streams  of  stars.  These  streams  are  not  streams  in  the 
sense  of  true  parallelism  of  motion,  but  represent  more 
closely  the  scattering  of  a  charge  of  buckshot.  The  stream 
motion  is  apparently  very  approximately  in  the  plane  of 
the  Galaxy. 

6  One  of  these  streams  (Group  III)  apparently  repre- 
sents the  effects  of  the  comparatively  slow  moving  stars 
in  the  Galaxv,  and  can  be  traced  to  high  galactic  latitudes 
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7.  With  increase  of  galactic  latitude  there  is  an  increase 
in  the  amount  of  separation  between  groups  of  A  stars 
representing  the  preferential  motions. 

S  Almost  the  reverse  is  true  of  the  F  type,  the  pref- 
erential motion  being  more  marked  with  decrease  in 
'galactic  latitude.  This  would  seem  to  indicate  that  the 
development  of  the  star's  acceleration  in  or  near  the 
galactic  plane  is  slow,  not  fully  maturing  until  the  F  type, 
whereas  the  A  stars  in  higher  galactic  latitudes  lose  their 
preferential  acceleration  on  passing  from  the  A  type  to 
the  F  type.  Consequently  random  motion  begins  to  pre- 
vail, so  that  the  separation  of  the  motions  into  groups  is 
lost  through  their  intermingling. 

9.  Passing  to  the  K  type  stars,  very  little  resemblance 
to  the  early  motions  is  left.  The  motions  in  fact  begin  to 
approximate  random  motion.  This  may  be  due  to  the 
fact  that  gravitational  influences,  brought  about  by  the 


near  approach  of  stars  to  one  another,  begin  to  destroy 
the  effects  of  the  initial  preferential  motions,  the  cause  for 
the  continuation  of  preferential  motion  being  lost. 

10.  While  there  may  be  no  special  significance  attach- 
able to  the  fact,  it  is  worthy  of  note  that  the  motions  of 
streams  III  and  IV  extend  in  opposite  directions,  just  as 
streams  I  and  II  evince  a  preference  for  motion  in  two 
opposite  directions.  However  it  must  be  remembered 
that  at  best  the  group  motion  of  Group  III  is  very  slight, 
and  that  the  assumption  of  a  smaller  parallactic  motion 
for  this  group  would  place  the  parallactic  center  in  its 
midst,  in  which  case  it  would  indicate  that  this  group  a-  ;> 
group  is  stationary  in  space. 

11.  It  must  also  be  remembered  that  as  the  apparent 
group  motion  of  Group  III  is  directed  toward  the  solar 
apex,  some  of  the  stars  of  this  group  may  be  members  of 
a  stream  of  which  the  Sun  is  a  member. 


OBSERVATIONS  OF   COMETS, 

MADE    WITH    THE    26-INCH    AND    12-INCH    EQUATORIALS    OF    THE    CJ.S.   NAVAL    OBSERVATORY, 

[Communicated  by  Captain  .1.  L.  Jayne,  IT.  S.  Navy.  Superintendent]." 
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Observers:     *J.  B.  Eppes,  f  H.  E.  Burton. 

The  observations  of  1910  e  on  Deo.  20,  of  191  1  c  on  Sept.  1.  and  of  1911  /  mi  Oct.  lo  were  made  with  the  12-inch  equatorial. 
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Mean  Places  of  the  Comparison- Stars  for  the  beginning  of  the  year, 
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COMMENTS  ON  THE  PARALLANES  OF  THE  61  CYGNI  GROUP.     (A.J.  629), 

By  HENRY    NORRIS    RUSSELL. 


Some  remarks  about  parallax  in  the  paper  by  Ben- 
jamin Boss  in  A.J .,  629,  appeal'  to  me  to  call  [or  comment. 

1.     P.G.C.  127  =  Pi  130  =  82  Ceti  =  ^  395. 

Flint's  observed  parallax  for  this  star  is  -0".01  ±0".05. 
A  systematic  correction  for  magnitude-equation  brings 
it  up  to  the  published  value  +0".35.  Comparison  of 
Flint's  results;  with  those  of  other  observers  indicates 
thai  he  has  over-estimated  theamounl  of  these  corrections. 
For  example,  we  have,  from  Kaptetn's  list  in  Gr.  Pub.  24. 
Parallax. 


Kaptf.yn 

s 

Flint. 

Flint, 

Other 

No. 

Xame 

Uncorrected 

( lorr. 

Observers 

349 

Br  3077 

-0.09 

+0.35 

0.13 

359 

85  I'egasi 

0.26 

-f  0.04 

+  0.10 

13 

r)  Cassiop. 

+  0.02 

+  0.3  4 

+0.18 

28 

t  Ceti 

+0.18 

+0.47 

+  0.31 

This  list  includes  all  stars  observed  by  others  as  well  as 
Flint,  for  which  the  latter's  corrections  exceed  +0".20- 
It  would  seem  that  his  corrections  are,  on  the  average, 
about  twice  too  great.  This  would  reduce  his  parallax 
for  Pi  130  to  about  +0".15  with  a  probable  error  con- 
siderably exceeding  ±0".05  on  account  of  the  uncertainty 
of  the  correction,  and  there  would  no  longer  be  any  serious 
discordance  with  the  computed  value  0".()7  derived  from 
the  hypotheses  of  group  motion. 

It  is  worthy  of  remark  that  the  parallax  0".35  for  this 
binary  leads  to  a  mass  of  0.01  (the  Sun  being  unity).  This 
is  quite  of  a  different  order  of  magnitude  from  that  of  any 
other  known  system.  The  parallax  0",07  dves  a  mass  of 
1.5  in  good  agreement  with  those  of  other  stars  of  similar 
spectral  type  and  luminosity. 

2. 


P.G.C.  372 
P.G.C.  514 
P.G.C.  3095 


Pi  142 

S  Trianguli 

L4SS7 


Hertzsprung  (A  strophysical  Journal  30  135)  mentions 
the  first  two  stars  iii  a  list  of  probable  members  of  the 
Hyades  group  —  their  proper-motions  agreeing  with  the 
computed  directions  within  0°.l  in  each  case.  All  three 
slitis  lie  very  near  the  great  circle  passing  through  the 
convergent  points  of  the  Hyades  group  and  the  new  61 
Cygni  group.  This  great  circle  is  inclined  45°  to  the 
equator,  and  its  ascending  node  is  in  2S0°  Ft. A. 

For  all  stars  near  this  circle,  the  computed  directions 
of  p.  ni.  for  the  two  groups  will  be  very  nearly  the  same, 
am!  appeal  must  lie  made  to  the  radial  velocities  or 
parallaxes. 

Fur  the  two  stars  we  find 


Radial  Velocity. 

"61  Cygni 

Hyades       Group"        Obs.  Hyades 

km                km           km  " 

Pi  142      +15.3   +18.1    +4.9  +0.095 

STriang. +20.9   +31.6     var.  +0.146 


Parallax. 

"61 
Cygni 


Obs. 


-0.04   +0.12  +  0.04 
0.06   +0.12  +  0.03 


A  determination  of  the  radial  velocity  of  the  centre  of 
mass  of  the  second  system  would  be  decisive.  The  first 
star  appears  to  belong  to  neither  drift  (as  Air.  Boss  has 
pointed  out  regarding  the  61  Cygni  group).  The  .observed 
parallaxes  of  both  stars  agree  better  with  the  assumption 
that  they  belong  to  the  Hyades. 

The  computed  radial  velocities  of  the  first  star  are  so 
nearly  equal  on  the  two  hypotheses,  that  only  measures 
of  parallax  would  be  decisive  in  distinguishing  between 
them. 

It  is  clear  that  this  phenomenon  will  occur  in  the  case 
of  an}r  pair  of  drifts,  not  diametrically  opposite  in  direction. 
There  will  always  be  a  great  circle  (passing  through  the  two 
convergent  points)  such  that  for  stars  along  it  the  com- 
puted directions  of  proper  motion  will  be  the  same.  There 
will  be  two  opposite  points  on  this  circle  for  which  the 
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computed  radial  velocities  will  also  he  identical,  and  two 
i  :  pointsfor  which  thecomputed  parallaxes  correspond- 
ing to  a  given  p.  m.  will  be  identical.  But  both  radial 
velocity  and  parallax  will  not  agree  for  the  same  star. 

3.     P.G.C.  927  =  Gr.  M  284  =  Lai.  74-13. 

The  discrepancy  between  the  computed  parallax  (0".14) 
and  the  obsen  id  (0".01)  seems  too  great  to  lie  explainable 
by  parallax  of  the  comparison  stars.  Four  observers  have 
determined  this  parallax  by  three  quite  different  methods, 
with  the  results  (relative  to  the  comparison  stars). 

Method 


Flint 

-0.01 

±0.055 

Meridian  Transits 

Chase 

11.04 

±0.040 

Heliometer 

SCHLESI.X' 

+  0.039 

±0.013 

Photography 

Rl  SSELL 

-0.011 

±0.014 

Photography 

In  the  two  photographic  determinations  the  comparison 

stars  were  fainter  than  the  principal  star,  which  is  s"'.3. 
while  the  writer's  eight  comparison  stars  range  from  Sn'.4 
to  10m.o.  The  observed  proper-motions  of  these  stars. 
relative  to  the  mean  of  the  group  in  no  case  exceed    o'.lo 


per  annum,  and  the  proper-motion  of  the  principal  star. 
relative  to  the  same  group,  agrees  with  that  given  in  the 
P.G.C.  to  0".01  in  each  coordinate,  excluding  the  possi- 
bility that  the  comparison  stars  belong  to  a  moving  cluster. 
No  one  of  these  star-  has  an  observed  parallax,  relative 
to  the  mean  of  the  group,  exceeding  0".09  in  absolute 
value,  although  the  effects  of  errors  of  observation  are 
included.  It  seems  out  of  the  question  that  the  mean 
parallax  of  these  eight  stars  can  be  ;i<  ureat  as  0".05. 

These  values  of  the  observed  parallax  seem  to  the  writer 
to  be  conclusive  evidence  that  this  star  does  not  belong 
to  the  "61  Cygni"  group,  but  is  moving  still  more  rapidly 
relative  to  the  Sun.  If  its  radial  velocity  has  been  ob- 
served at  .Mount  Wilson,  the  matter  may  be  further  tested. 

The  large  discrepancies  between  the  observed  and  com- 
puted parallaxes  in  .Mr.  Boss  s  list  are  now  accounted  for. 
For  the  four  remaining  stars,  the  average  difference  be- 
tween the  observed  and  computed  value-  i-  no:;,  regard- 
less of  sign  and  — 0".01  regarding  signs.  This  is  probably 
a  fairer  test  of  the  accuracy  of  modern  parallax  deter- 
minations of  the  better  class. 


STARS  PROBABLY  BELONGING  TO  THE  61   CYGNI  GROUP  DISCOVERED  BY 

MR.  BENJAMIN   BOSS.     (A.J.,  629), 

By    HENRY   XORRIS   RUSSELL. 
i  Serial  Numbers  and  Other  Data  from  Kaptetn.     Gr.  Pub.  24.) 
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-  tit;  25 

75 

IDS 

104 

.04 

.04 

58 

Gr.  SS4 

6.8 

G 

4  44.4 

+  45  41 

tis 

145 

142 

.09 

HI 

192 

t  Bootis 

4,") 

F, 

13  42.5 

+  17  57 

49 

273 

275 

.04 

03 

_>42 

£  Herculis 

3.0 

G 

16  37.5 

+31   47 

61 

310 

312 

.14 

05 

312 

Lai.  39S66 

s.l 

K 

20  34.0 

+  4  37 

86 

87 

si 

.06 

OS 

321 

Gr.  3357 

6.6 

20  56.1 

39  51 

33 

47 

4.s 

.08 

.02 

339 

Lai.  43492 

7.0 

F, 

22  12.2 

12  23 

S4 

s4 

81 

.02 

.0.5 

345 

a-  Pegasi 

5.3 

F 

22  47.4 

■     0    is 

53 

so 

85 

.02 

.03 

353 

Lai.  45755 

7.6 

Fs 

23  16.8 

i:;  31 

07 

71 

76 

.04 

.03 

360 

Pi  23h267 

6.2 

F 

23  59.6 

+  34    7 

77 

84 

85 

.01 

.04 

Notes  to  the 
2+2.     £  Herculis.     Computed  radial  velocity  —  70  km. 
Observed  radial  velocity  variable  -  68km. to  —75  km., in 

accordance  with  orbit  of  visual  binary  system.  The 
parallax  computed  on  the  assumption  that  it  belongs  to 
the  group  (0".046)  dves  a  mass  for  the  binary  system 
twenty-three  times  that  of  the  Sun,  (which  is  unusually 
great,  though  not  unexampled)  and  demands  a  velocity- 
range  of  1 -I  km.  against  the  7  km.  observed  (assuming  for 
the  elements  of  the  relative  orbit  a  =  1".37,  e  =  0.46, 
i  =  46°,  P  =  34.5  years,  and  for  the  ratio  of  the  mass  of 
the  companion  to  that  of  the  primary,  0.43  (Boss,  P.G.C, 
p.  274).  The  observed  spectroscopic  range  demands  on 
these  data  a  parallax  of  0".09,  while  direct  observations 


Above  List. 

give  0".1S  (Smith),  0".ll  (Russell)  and  0".15  (Flint). 
It  seems,  therefore,  very  unlikely  that  this  star  really 
belongs  to  the  group. 

3.53  ami  360.  May  belong  to  the  Hyades  group,  in  which 
case  their  parallaxes  would  be  0".O7  ami  0".08.  The  latter 
star  is  on  Hertzsprung's  list  of  probable  members  of  the 
Hyades  drift. 

Four  other  stars,  out  of  the  360  in  Kapteyx's  list, 
are  moving  within  4°  of  the  computed  direction,  but  are 
shown,  by  large  discordances  between  the  observed  and 
computed  radial  velocities  or  parallaxes,  to  have  no 
connection  with  the  group.  These  are  Groombridge  34, 
y  Virginis,  tCygni,  yPiscium. 


N°s-  635-636 


THE     ASTRONOMICAL     JOURNAL. 


97 


LIST   OF  ERRATA  IN  ASTRAND'S  "HULFSTAFELN   ZUR   AUFLOSUNG   DER 

KEPLER'SCHEN   PROBLEMS," 

By  STELLA    LTDICK. 


During    the    compilation,    in    collaboration    with    Dr. 
Schlesinger,  of  a  set  of  tallies  giving  the  true  anomaly  in 

elliptic  orbits,  the  writer  had  occasion  to  examine  care- 

o 

fully  Astkand's  "Hiilfstafeln."  It  is  probable  that  no 
erratum  has  escaped  detection  (except  possibly  in  the  last 
decimal  place)  in  those  portions  of  the  tallies  examined  by 
the  writer:  these  do  not  include  the  values  of  e  beyond 
0.77.  nor  the  half  decrees  in  .1/  at  the  beginning  of  each 
table. 


0.02 
0.06 
0.08 
0.09 
0.10 
0.19 
0.23 
0.34 
0.37 
0.40 
0.40 


List  of  Errata. 


59 
131 
140 
165 
17'.» 

59 
136 
146 

40 
121 
157 


for 


58.993 
135.494 

142. ::;:: 

166.2SN 
179.081 

69.195 
143.740 
154.213 

57.772 
136.214 
163.557 


read 


133 
142 
Kiti 
179 

69. 
143. 
154 

57 
136. 
163. 


993 

494 
773 
22S 
091 
175 
786 
413 
972 
714 
:,i  i7 


=  0.42     .     m  = 

103      :     for 

122.148 

0.42 

122 

137.078 

0.42 

124 

138.598 

0.45 

105 

L25.899 

(1.52 

83 

110.883 

0.53 

100 

131  580 

0.55 

157 

Hi.".  L5i 

(1.57 

130 

153  539 

0.57 

160 

167.213 

0.58 

121 

141  639 

i)  59 

l.".: 

165.447 

0.60 

101 

128.266 

0.66 

152 

163.044 

0.69 

134 

152.358 

0.70 

77 

113.219 

0.70 

115 

140.007 

0.71 

29 

66  '.i20 

0.73 

L9.5 

52.728 

ii  36  A.  between 

o 

/'( =51  and  hi 

0 

=  52  :  fo 

0.61 

18 

18.5 

0.66 

1 1 .5 

12 

read  123. 14S 
138.078 
139.598 
125.889 

110. S43 
131.680 

165.101 
153.549 
Ui7.223 
141.629 
165.477 
12S.066 
163.034 
152.M4N 
113.719 
140,507 
66.229 
52.828 


0.922  0.023 

1.145  1.143 


Allegheny  Observatory,  .'ill  March,  1912, 


OBSERVATIONS   OF   COMET   1911  c    (brooks), 

By  F.  P.  LEAVENWORTH. 


The  positions  given  below  were  obtained  from  photo- 
graphs of  the  comet  taken  at  the  observatory  of  the 
University  of  Minnesota  with  the  10^-inch  equatorial. 
The  measurements  were  made  with  the  Repsold  measur- 
ing machine  by  students  of  astronomy  in  the  university 
who  also  did  the  greater  part  of  the  reduction.  The 
exposures  were  made  by  Mr.  Alfred  Davis  and  myself: 


and  were  so  timed  that  the  nucleus  and  comparison  stars 
appeared  as  small  round  images  favorable  for  accurate 
measurement.  An  exception  to  this  is  the  plate  of 
September  16.  In  this  one  the  time  of  exposure  was 
one  hour,  and  the  resulting  star  trails  were  very  long, 
making  accurate  settings  impossible. 

The  star  places  are  all  taken  from  the  A.  G.  Zones. 


1911  Minneapolis  M.T. 

a  1911.0 

3  KUl.O 

log 

P  A 

No.  of 

IXposures 

No.  of 
Comp.  Stars 

Computer 

a 

d 

d       b       m       s 

Sept. 16  7  54  54 

25  7  29  42 

25  7  39     0 

Oct.    3  7   15  44 

4  6  56  59 

4  7     8  37 

h      m      a 

16  32  56.42 
14  54   15.11 
14  54   11.26 
13  52  35.43 
13  46  25.10 
13  46  22. IS 

+  56°  12   44.0 
49  35  33.0 
49  35     0.3 
40  31    10.7 
39  16  19.6 
39  15  41.9 

0.779 
9.791 
9.793 
9.738 
9.730 
9.729 

9.555 
0.435 
0.453 
0.689 
0.682 
0.699 

1 
2 
2 
3 

2 
2 

3 
4 

4 
4 
2 
2 

P 
B 
F 
M 

F 
B 

The  scale  of  the  plate  makes  one  milimeter  equal  one 
minute  of  arc.  The  places  are  corrected  for  refraction, 
precession,  nutation  and  aberration. 

The    sixth  column   refers  to   the  number  of  separate 


exposures  made  on  the  plate.     In  the  last    column   the 
letter  indicates  the  name  of  the  computer  as  follows: 
B  =  Doris  L.  Brown  .1/  =  Charles  Maney 

F  =  Xeda  Freeman  P  =  Harold  Peterson 

Minneapolis,  M 
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.  SECULAR  PERTURBATIONS, 

By  R.  T.  A.  INNES. 


In  the  A.J.  No.  630.  Mr.  Kiur  Doolittle  makes  a  refer- 
ence to  Dr.  Louis  Arndt's  method  of  computing  the 
secular  variations  of  a  planet  which  he  states  is  very  similar 
to  that  of  Dr.  Hill  and  that  but  three  applications  of 
Arndt's  method  have  been  made. 

.Mr.  Doolittle  appears  to  have  overlooked  the  com- 
putations made  by  Mr.  C.  .1.  Merfield  of  the  secular  per- 
turbations of  Ceres  arising  from  the  action  of  Jupiter  which 
was  published  in  extenso  in  A.N.  4215,  and  of  Iris  from  the 
action  of  the  eight  major  planets  in  .l.A\  4337.  It  is  true 
that  the  method  used  by  Mr.  Merfield  was  one  developed 
by  myself  in  the  Monthly  Notices  for  May  1907,  but.  is 
based  on  Halphen  and  Arndt's  solution.  As  pointed 
out  in  the  Monthly  Notices,  Dr.  Arndt's  solution  is  not 
complete  and  can  only  be  applied  to  the  simpler  cases  in 
which  an  algebraical  solution  is  also  available.    Dr.  Hill's 


solution  used  by  Mr.  Doolittle  (which  follows  Gauss's- 
very  closely)  requires  the  solution  of  a  cubic  equation  and 
the  calculation  of  two  rather  awkward  series,  but  Dr.  Hill 
has  since  shown  in  this  journal  No.  511  that  his  solution 
can  be  greatly  shortened. 

In  the  method  published  in  the  Monthly  Notices  and 
applied  by  Mr.  Merfield,  the  procedure  is  entirely  dis- 
similar in  that,  (a)  the  solution  of  the  cubic  equation  is 
avoided  and  (6)  it  is  not  in  practice  necessaiy  to  compute 
any  series  whatever.  Mr.  Merfield  undertook  the  great 
labor  of  computing  the  secular  perturbations  of  Ceres  by 
Jupiter  both  by  Dr.  Hill's  second  method  and  my  for- 
malae;  he  gives  the  comparison  between  the  results  on 
column  243  of  A.N.  4215,  the  figures  are  identical  to  a 
unit  in  the  last  place  of  decimals  retained. 
Johannesburg,  5th  January,  1912. 


NOTICE. 

The  Observatorio  Nacional  Aryentino  possesses  some  spare  copies  of  the  following  volumes  of  its  Resultados  :  — 
Vols.  1,  2,  3,  4,  5,  6,  15,  18,  and  C6rdoba  Photographs. 

So  long  as  they  last  these  volumes  will  be  presented  to  observatories,  scientific  institutions  and  libraries,  the 
only  cost  being  that  of  packing  and  transportation  from  London.     All  requests  should  be  sent  direct  to  : — 

Messrs.  WM.  WESLEY    &   SON, 

26  Essex  Street,  Strand,  London.  W.  C. 

C.  D.  Perrine.  Director. 
Cordoba,  Argentina,  December  19,  1911. 


CORRIGENDUM. —  The  value  of  the  parallax  published  in  the  Astronomical  Journal  No.  631  for  star  No.  S  of 
Table  I,  <*  Ursae  Minoris,  requires  a  correction,  owing  to  the  omission  of  a  term  in  the  collimation  by  an  oversight 
in  the  previous  solution.  The  absolute  parallax,  in  the  ninth  column,  should  be  read  as  +0."008  ±0."016.  One- 
observation,  which  stood  alone  in  the  first  season  of  maximum  parallax  and  which  has  been  rejected  because  of 
abnormal  discordance,  is  now  included;   so  that  the  number  in  the  eleventh  column  is  changed  from  77  to  78. 


Albert    S.  Flint. 


Washburn  Observatory,  Madison,  W isconsin.,  1912,  May  6. 
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MICROMETKIC    MEASURES   OF   THE   FIFTH   SATELLITE   OF    JUPITER,  AND 
MISCELLANEOUS   OBSERVATIONS   OF   THE   PLANET, 

By  E.  E.  BARNARD. 

The  following  observations  of  Jupiter  are  a  continuation 
of  those  printed  in  A.J.  615.  The  low  southern  altitude 
of  the  planet  has  made  it  very  difficult  to  get  any  observa- 
tions of  Satellite  V,  and  though  every  effort  was  made  to 
obtain  measures  at  elongation  there  was  but  one  occasion 
on  which  the  satellite  could  be  so  observed.  On  1911 
April  23  the  atmospheric  conditions  were  good  and  in  spite 
of  the  low  altitude,  measures  covering  the  elongation  time 
were  secured.  I  have  plotted  these  carefully  with  the 
following  results: 

d      h     m 

East  Elongation  Time,  1911  April  23  13  5.8  C.S.T. 
East  Elongation  Time,  1911  April  23  19  5.8  G.M.T. 

The  measures  on  this  date  also  give: 

it 
East  Elongation  Distance  (appt.)         56.70 
East  Elongation  Distance  at  A  5.20  48.27 

The  times  in  all  the  observations  are  Central  Standard 
time,  which  is  6h  0ra  slow  of  Greenwich  .Mean  time. 

Following  are  the  Measures-  of  Satellite  V. 
1911  April  23. 

Remarks 
Satellite  following 


( '.  S.  Time 

From  fol. 

Prom 

Cod 

limb 

<  tenter 

ll        n 

1          S 

* 

n 

12  22 

51 

29.82 

52.44 

4 

12  27 

11 

30.89 

53.52 

4 

12  29 

54 

30.97 

53,59 

3 

12  32 

6 

31.64 
From  pr.  limb 

54.27 

3 

12  35 

16 

78.08 

55.45 

3 

12  40 

26 

77.74 
From  fol.  limb 

55.11 

3 

12  43 

19 

32,57 

55.20 

4 

12  47 

12 

33.25 
From  pr.  limb 

55.88 

4 

12  50 

54 

79.26 

56.63 

3 

12  54 

1 

78.98 

56,36 

3 

( '.  S.  Time 
h        in       s 

12  56  51 

12  59  38 

13  2  14 

From  fol. 
limb 

a 

33.11 

33.49 
34.33 

From 
Center 

55.74 
56.12 
56.96 

Comp.             Remarks 

3 
3 
3 

13     4 
13     6 

36 

39 

From  pr.  limb 
79.74 
79.54 

57.11 
56.92 

3 
2 

13     9 
13  11 

3 

43 

From  fol.  limb 
33.72 
33.36 

56.35 
55.99 

4 
3 

13   14 
13  IS 

51 

0 

From  pr.  limb 
79.58 
79.52 

56.96 
56.89 

3 

4 

13  21 
13  24 

13  28 

31 
59 
27 

From  fol.  limb 
33.07 
32.85 
32.61 

55.70 
55.48 
55.24 

3 
4 
4 

13  31  31 
13  33  59 
13  36     3 

From  pr.  limb 
78.36 
77.69 

77.83 

55.73 
55.06 
55.21 

3 
3 
3 

13  39 
13  42 

12 
47 

From  fol.  limb 
31.19 
30.21 

53.82 
52.84 

4 
4 

13  49 
13  53 

56 
24 

22.66 
19.68 

+    1.46 
+   1.53 

3       From  south  limb 
3       From  north  limb 

13  51 

40 

+    1.49 

Position-angle  of  wires  at  the  polar  measures  109°. 3. 
Satellite  difficult. 


C.  S.  Time       From  fol. 
limb 
h       m       s  n 

11  40  19    31.06 
11  43  9    31.10 


1911  May   2. 

From       Comp. 
Center 


Remarks 


53.74        3      Satellite  following 
53.78        3 

(99) 


100 
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S,  Time 

h        m       s 

11   46   11 
11   40  45 
11  54  17 

From  pr. 
limb 

77.72 
79.22 
79.48 

From  fol.  limb 

From 
Center 

551)4 
56,".  1 
56. SO 

Coir 

3 

4 
3 

11  57  55 

12  1  39 
11'     5  51 

33.01 
32.76 
33.10 

From  pr.  limb 

55.69 
55.44 
55.7S 

4 
3 
3 

12     9  56 
12  12  26 
12  14  42 

79.97 
79.88 
79.65 

57.29 
57.20 
56.97 

3 
3 
3 

Remarks 


From  fol.  limb 
12  18  48         33.73 


56.41 


1911  May  23. 

C.  S.  Time 
b       m       a 

10  22  31 

From  fol 
limb 

33°88 

From      Comp. 
Center 

56  "l  4         3 

10  26  18 

33.86 

56.12         4 

10  31  33 

33.72 

55.98         3 

10  50  35 

19.87 

+    1.08         7 

11     1  30 

21.36 

+  0.41         4 

Satellite  following 


From  north  limb 
From  south  limb 


10  56     3 


+   0.75 


Position-angle  of  wires  110°. 5  at  polar  measures.  In 
the  polar  measures  the  satellite  was  very  difficult  and  the 
measures  uncertain. 


1911  June  4. 


C.  S.  Time 
h       m       8 

8  40  43 


From  fol. 
limb 


30.48 
Lost  in  haze. 


9  22  25 

9  26  49 


32.84 
33.08 


From  pr.  limb 
9  30  57         76.35 


9  35     7 

9  45  51 
9  52  21 

9  49     6 


76.51 

17.49 
23.26 


From 

(  Villi'!' 

52°22 


54.59 

.VI  S3 


54.47 
54.64 

+   3.01 
T   2.76 

+   2.89 


Comp. 
2 


4 
4 

5 
6 


Remarks 
Satellite  following 


From  north  limb 
From  south  limb 


Position-angle  of  wires  112°,0  at  polar  measures. 


Remarks 


Satellite  following 


1911 

June  6. 

r.S.  Time 

From  fol 
limb 

From      C 
Center 

'om 

h       m       s 

8  40     6 

3077 

52^41 

4 

8  45   16 

31.75 

53.39 

4 

8  50  48 

31.91 

53.55 

5 

C.S.  Time 

h      ai      s 

8  54  50 

8  58  11 

9  1  25 


6     9 
11  35 

17  28 


9  22 

9  27 


9  34  11 
9  40     2 

9  37     7 

9  49  14 
9  57  19 


From  pr. 
limb 

76"68 
77.10 
76.36 

From  fol.  limb 
31.22 
32.72 
32.03 

From  pr.  limb 
76.30 
75.33 

21.95 
17.77 


From      Comp. 
Center 


Remarks 


22.90 
16.94 


54.89 

55.31 

54.57 


54, sii 
54.35 
53.67 


54,51 
53.54 

+   1.53 
+   2.65 

+   2.09 

+  2.47 
+  3.48 


4 
4 
4 


From  south  limb 
From  north  limb 


From  south  limb 
From  north  limb 


9  53   17  +   2.97 

Position-angle  of  wires  111°. 3  at  polar  measures.  Satel- 
lite excessively  difficult  in  all  the  measures.  Moonlight. 
but  seeing  good. 

1911  June  18. 


0.  S.  Time 

li       m       8 

8  19     7 
8  22  27 


From  fol. 
limb 

30J4 
31,30 


From  pr.  limb 
8  25  31         72.64 
8  29  10         72.10 


8  37  17 
8  39  54 
8  43  40 
8  48     6 

8  42   14 

8  51  38 
8  53  48 
8  55  47 
8  58     8 

8  54  50 

9  0  25 


2  57 
(i  7 
s  25 


9     4  29 

9  11  35 
9  11  38 


9     13  7 


21.5S 

2:2.53 
18.08 
17.97 


22.52 
22.13 
17.24 
17.49 


21.60 
21.52 

16.90 
17. IS 


22.60 
17.41 


From 
Center 

5L13 
52.29 


51.44 

50.90 

+  1.71 

+  2.66 

+  1.79 

+  1.91 


Comp. 

3 
3 


Remarks 


Satellite  following 


2.02 

2.65 
2.26 
2.63 

2  3S 


+    2.4S 


1.73 
1.64 
2.98 
2.70 


+    2.26 

+   2.72 
+   2.47 


+   2.59 


5 
4 


From  south  limb 
From  south  limb 
From  north  limb 
From  north  limb 


From  south  limb 
From  south  limb 
From  north  limb 
From  north  limb 


From  south  limb 
From  south  limb 
From  north  limb 
From  north  limb 


From  south  limb 
From  north  limb 


Position-angle  of  wires  111°. 4  at  polar  measures 
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During  the  measures  on  this  date  the  planet  was  beauti- 
fully defined.  In  the  first  observations  the  satellite, 
though  faint  and  difficult,  could,  at  moments,  be  seen 
distinctly.  In  the  latter  part  of  the  observations  it  be- 
came more  difficult  anil  was  feebly  seen  only  once  in  a 
while.     The  last  two  sets  of  measures  are  uncertain. 

The  following  values  of  the  apparent  diameters  of 
Jupiter  used  in  the  measures  of  Satellite  V  were  derived 
from  those  given  in  A.  J.  325,  p.  102,  which  at  A  5.20  are: 

Equatorial  diameter     38.522 

Polar  diameter  36.112 


Appparent  Diameters. 
Equatorial 


1911 


April  23 

May    2 

23 

4 
6 

18 


June 


Polar 


45.252 
45.359 
44.702 
43.750 
43.574 
42.401 


42.421 

41.906 
41.013 
40.845 
39.748 


It  will  be  noticed  in  the  measures  of  the  polar  distances 
of  the  satellite,  that  the  apparent  latitudes  determined 
from  the  two  limbs  are  not  always  accordant.  Attention 
has  previously  (A.J.  615  p.  125)  been  called  to  this 
peculiarity.  I  am  now  making  a  new  set  of  measures  for 
the  polar  diameter. 

The  phase  corrections  for  the  dates  of  observations  are: 


1911  April  23  0.01  not  used 
.May    2  0.00 

23  0.09  used  in  measures  from  following  limb 

June  6  0.15  used  in  measures  from  following  limb 

18  0.21  used  in  measures  from  following  limb 


Miscellaneous  Observations  of  Jupiter. 

A  few  miscellaneous  observations  have  been  made  of 
J  u /'iter  at  various  times,  especially  when  trying  to  get 
observations  of  Satellite  V.  I  have  kept  up  the  measures 
of  the  position  angles  of  the  belts  of  Jupiter  in  hope  that 

Position  Angles  of  the  Belts  of  Jupiter. 


G.  S.  Time 

P.  A. 

(,'omp. 

Remarks 

1910  July  10 

h        in 

7  50 

114°68 

6 

17 

8     0 

115.78 

5 

Seeing  very  had.     Can  hardly  see  belts 

24 

7  45 

114.89 

5 

Seeing  very  had 

31 

7  45 

113.00 

5 

Planet  veiy  low.     Seeing  poor 

1911  Jan.     8 

17     0 

112.35 

5 

Seeing  excessively  bad.     Belts  very  faint 

22 

17  50 

110.30 

5 

Seeing  excessively  bad.     Planet  only  a  blur 

Feb.     7 

17  50 

107.83 

5 

Seeing  excessively  bad.     Belts  scarcely  visible 

21 

17  30 

105.86 

5 

Seeing  excessively  bad 

26 

17   10 

108.55 

5 

Seeing  very  poor 

28 

16  25 

109.56 

5 

Seeing  excessively  had.    <  Inly  feeble  traces  of  belts 

April     9 

13     0 

100.97 

5 

Seeing  very  poor 

23 

12     0 

109.34 

5 

Seeing  good 

25 

11  25 

111.49 

5 

Seeing  poor 

May    2 

12  40 

108.67 

5 

Seeing  excessively  bad.     Can  scarcely  see  belts 

23 

11   10 

109.97 

5 

Seeing  very  poor 

28 

9  40 

112.23 

7 

Faint  in  clouds.     Seeing  bad 

30 

8  45 

113.35 

9 

Seeing  very  poor.     Can  scarcely  see  a  trace  of  belts 

June    4 

8  30 

112.00 

5 

In  haze 

6 

8  30 

111.35 

5 

Seeing  good 

18 

8     0 

111.42 

5 

Seing  good 

25 

8  45 

113.42 

5 

Seeing  poor.     No  definition 

July     2 

8  20 

111.64 

5 

11 

7  55 

111.52 

5 

Seeing  poor 

21 

7  50 

109.56 

5 

Seeing  very  bad.     Can  scarcely  see  the  belts 

25 

8  10 

111.12 

4 

Seeing  poor 

Aug.    1 

7  35 

109.05 

5 

Seeing  very  bad.     Sky  thick 

4 

7  25 

110.53 

5 

Seeing  poor 

6 

7  35 

109.98 

5 

15 

7  35 

109.66 

5 

Seeing  fair 

1912  June  22 

11     0 

98.79 

5 

Seeing  good 

23 

10  10 

99.65 

5 

Seeing  fair 

25 

10  40 

101.06 

5 

Seeing  very  poor 

30 

10  20 

99.39 

5 

Seeing  very  bad.     Belts  faint  and  blurred 

July     2 

10  15 

100.86 

5 

Seeing  poor.     Planet  in  haze 

9 

9  20 

99.49 

5 

Seeing  very  bad 
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they  may  prove  valuable  in  fixing  more  accurately  the 
axis  of  rotation  of  the  planet.  The  observations  of  the 
holts  were  often  made  when  the  seeing  was  too  bad  for 
anything  else.  The  measures,  which  are  a  continuation  of 
printed  in  A.J.  615  are  given  on  page  101. 
At  various  times  I  have  measured  the  positions  of  the 
belts  with  respect  to  the  north  and  south  limbs  of  Jupiter 


in  the  hope  that  the  observations  may  be  useful  to  those 
investigating  the  great  rotation  currents  of  the  planet. 
Incidentally  these  measures  give  an  independent  value  of 
the  polar  diameter  of  the  planet,  but  these  latter  values 
must  not  be  taken  seriously  for  the  measures  were  not  made 
for  that  purpose  and  are  not  assumed  to  be  very  exact. 


.Measures  of  the  Positions  of  the  Belts  of  Jupiter. 


Dist.  from 
south  limb 


Comp. 


Dist .  from 
north  limb 


.  omp. 


Apparent 
Polar  Diam. 


Comp. 


Apparent 
Latitude 


Comp. 


1910  July  0d8h0n 


South  partial  belt 

Narrow  irregular  belt 

South  of  two  at  place  of  south  equatorial  belt 

North  of  the  two  south  equatorial  belts 

A  dim  north  belt 

Irregular  and  dim  belt 


These  were  all  narrow  belts,  1£"  or  2"  wide. 

Center  of  north  equatorial  belt 
Center  of  south  equatorial  belt* 


7.79 
10.24 
13.26 
15.49 
20.64 
27.40 


27.24 
23.91 
20.88 
18.71 
13.74 
6.34 


35.03 
34.15 
34.14 
34.20 
34.38 
33.74 


+ 


9.73 

4 

6.83 

4 

3.81 

4 

1.61 

4 

3.45 

4 

0.53 

4 

34.27 
Extreme  north  and  south  ones  were  irregular  and  dim. 


1911   February  7"  18h  0" 


22.11 

14.92 


13.39 
20.60 


Edge  of  north  polar  shading 

Narrow  north  belt 

North  edge  of  south  beltf 

South  edge  of  south  beltf 

Irregular  short  marking  bordering  south  cap 


1911  June  25d  8h  15m. 

28.72  1  9.75 

24.20  1  15.90 

17.42  1  21.57 

14.79  1  25.50 

8.73  1  30.01 


35.50 
35.52 

35.51 


3S.47 
40.10 
3S.99 
40.29 

3S.74 


39.32 


2 
2 
2 
2 
o 


4.36 
2.84 


+  9.49 
+  4.15 
-  2.07 
-  5.35 
-10.64 


Between  the  south  equatorial  belt  and  one  south  of  it  was  a  faint  belt  not  measured. 


1911  June  30d  8h  0m. 


Edge  of  north  polar  shading 

North  equatorial  belt 

North  edge  of  south  equatorial  belt 

South  edge  of  south  equatorial  belt 

Faint  belt 

White  spots 


28.73 
23.34 
17.06 
13.76 
11.13 
8.98 


1911  July  30d7h   35" 


Edge  of  north  cap 

North  equatorial  belt 

North  edge  of  south  equatorial  belt 

Belt  running  from  following  limb  to  near  middle 

Faint  belt 

Faint  belt 


*  This  belt  diffused  south. 
t  These  were  really  two  belts. 


26.68 
21.42 
16.50 
13.66 
9.97 
7.75 


2 
2 
2 
2 
2 
2 


9.94 
14.94 
21.00 
24.29 
27.38 
30.03 


S.50 
13.73 
19.14 
21.20 
25.03 
27.82 


2 
2 
2 
2 

2 
2 


3S.07 
3S  28 
38.06 
3S.05 
38.51 
39.01 


3S.43 


35.18 
35.15 
35.64 
34.S6 
35.00 
35.57 


35.23 


9.0'.  I 
3.85 
1.32 
3.77 
7.53 
10.03 


+  9.39 

4 

+  4.20 

4 

-    1.97 

4 

-   5.27 

4 

-   8.13 

4 

- 10.53 

4 
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Measures  of  the  Positions  of  the  Belts  of  Jupiter.     (Continued.) 


Dist .  from 
south  limb 


Comp. 


Dist.  from 
north  limb 


Comp. 


Apparent 

Polar  Diam. 


Comp. 


Apparent 
Latitude 


Comp. 


1912  June  23d  10h  20" 


Partial  narrow  heavy  belt  (a) 
South  edge  of  south  equatorial  belt  (b) 
North  edge  of  south  equatorial  belt  (c) 
A  very  dim  and  irregular  belt  (d) 
Dusky  irregular  belt  (e) 


13.0-5 
15.71 
19.84 
25  82 

32.73 


The  belt  (a)  ran  eastward  from  the  red  spot  and  was 
1".4  in  width.  It  was  the  heaviest  marking  visible,  and 
was  slightly  reddish.  The  belt  (b)  was  much  less  heavily 
marked  but  was  fairly  outlined.  Belt  (c)  was  next  to  (a) 
in  distinctness,  and  was  1"  in  width.  Between  (b)  and  (c) 
seemed  to  be  made  up  of  a  number  of  irregular  belts  and 
markings  of  the  same  distinctness  as  (b).  The  belt  (d) 
was  1?"  in  width,  dim  and  irregular.  Belt  (e)  was  about  I7" 
in  width  and  was  irregular  and  dusky.  Space  (c)  to  (e) 
was  the  lightest  part  of  the  planet. 

On  1911  July  2.5,  while  sketching  the  surface  features  of 
Jupiter  with  the  40-inch  telescope,  I  suddenly  noticed 
that  a  bright  satellite  had  appeared  close  to  the  south 
following  limb,  that  had  not  been  visible  a  few  minutes 
before.  It  was  first  seen  free  from  the  planet  at  8h  7m 
C.S.T.  I  located  it  on  my  sketch  and  presently  (at  8h  12m) 
noticed  that  it  had  disappeared.  As  I  found  no  informa- 
tion in  the  Nautical  Almanac  concerning  the  phenomenon 
observed,  I  wrote  to  Professor  W.  S.  Eichelberger  about 
it,  and  he  kindly  informed  me  "that  according  to  the 
Tables  of  Damoiseau  used  in  predicting  the  phenomena  of 
Jupiter's  satellites,  the  occultation  of  satellite  II  on  July  25 
ended  at  Sb  7m  28",  C.S.T.  and  the  eclipse  of  the  same  began 
at  8h  7m  9".  Of  course  as  the  predicted  eclipse  began  19s 
before  the  predicted  occultation  ended,  neither  would  be 
visible  according  to  the  tables  and  were  therefore  omitted 
from  the  ephemeris."  I  am  not  able  to  say  that  the 
satellite  was  at  its  full  brightness  when  I  first  noticed  it. 
It  was  bright. 

Position"  of  the  Shadow  of  Satellite  I. 

Appt.  lat. 

h        m       s         "  1/ 

1911  June  6   10     9  47    13.48  (5)  From  north  limb  +6.94 
10  13     7    27.53  (5)  From  south  limb  +7.10 

The  satellite  itself  was  seen  past  transit  as  a  dusky 
brownish  spot  at  the  same  latitude  as  the  shadow.  At 
10"  16m  the  micrometer  wire  placed  on  the  center  of  the 
satellite,  just  touched  the  south  edge  of  the  shadow. 


30.52 
27.44 
22.92 
16.94 
10.87 


2 
2 
2 
2 

2 


43,57 
43.15 
42.76 
42.76 
43.50 


43.1.5 


-17.47 

4 

-11.73 

4 

-   3.08 

4 

+  8.88 

4 

+  21.86 

4 

Satellites  I   and  II. 


1911  Julv  4 


8  10  28 
8  13  39 
8  15  27 


200.44 


8.08 
8.02 


P. A.  of  the  wires  at  all  the  distance  measures  110°.44. 
The  angle  was  rapidly  changing,  so  the  distance  measures 
should  not  be  used  without  correction. 

1911  Aug.  6,  7h  30m  C.S.T.  The  great  red  spot  was 
estimated  to  be  on  the  central  meridian  of  the  disc  of 
Jupiter. 

In  the  same  south  latitude  as  the  Great  Red  Spot  is  a 
very  long  red  partial  belt.  Following  are  some  observa- 
tions of  it. 


1912  June  22. 
30. 


July 


Center  in  transit  at  17"  7m  G.M.T. 

At  16h  39ra  G.M.T.  the  preceding  end  was 

in  transit. 
2.     At  16"  9m  G.M.T.  the  following  end  was 

in  transit. 

Position  of  Satellite  IV. 


On  1912  June  22  at  11"  50m  Satellite  IV  was  approaching 
superior  conjunction  south.  The  following  measures  of 
its  position  with  respect  to  the  polar  limbs  of  Jupiter  were 
made  with  a  power  of  700  diameters,  and  excellent  seeing. 


11  49  from  north  limb 
11  55  from  south  limb 


49.51  (8)  double  distances 
6.42  (8)  double  distances 


Remarks  on  the  Forms  of  the  Discs  of  the 

Satellites. 

As  I  have  previously  written  (Astronomy  and  Astrophysics 
Vol.  13,  for  April  1894),  I  have  never  seen  the  discs  of  any 
of  the  four  bright  satellites  elliptical  or  other  than  round, 
when  observed  on  the  open  sky.  Sometimes  on  the  disc 
of  Jupiter,  however,  distortions  and  ellipticities  of  the 
satellites  are  not  unusual.  Af.iV.  LIV  p.  134;  A.N.  3453 
pp.  321-330.     This  is,  of  course,  a  matter  of  albedo,  due 
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to  various  markings  on  the  satellites,  combined  with  the 
albedos  of  different  parts  of  the  disc  of  Jupiter. 

On  1910  June  14,  at  7h  40™,  under  very  perfect  con- 
ditions, with  seeing  4  on  a  scale  of  5  and  magnifying 
powers  of  460,  700  and  04(1.  Satellites  I,  II  and  III  were 
carefully  examined  with  the  full  aperture  and  with 
reduced  aperture  of  30  inches.  The  seeing  was  very 
fine  and  the  discs  sharply  defined.  They  were  perfectly 
round,  with  the  eyes  held  in  various  positions.  There 
were  some  markings  on  Satellite  III  north  following  the 
center.     Satellite  IV  was  not  examined,  as  the  seeing  be- 


came poorer.  On  this  date  (1910  June  14)  at  7h  36m  36s 
the  shadow  of  Satellite  III  was  one  half  off  the  north  pre- 
ceding limb  of  Jupiter.  On  July  2  at  7h  30m,  with  an 
aperture  of  30  inches  and  700  diameters  and  good  seeing 
the  disc  of  Satellite  III  was  perfectly  round.  On  1912 
June  22  at  llh  50m,  with  700  diameters  and  excellent 
seeing,  the  disc  of  Satellite  IV  was  perfectly  round  and 
well  defined. 

No  refraction  corrections  have  been  applied  to  any  of 
the  measures  in  this  paper. 

Yerkes  Observatory,  Williams  Bay,  Wise,  1912  July  12 


OBSERVATIONS   OF   THE   SATELLITES  OF    URANUS, 

By  E.  E.  BARNARD. 


The  great  southern  declination  of  Uranus  has  made 
observations  of  the  satellites  difficult.  It  was  almost 
impossible  to  secure  any  measures  of  Ariel  and  Umbriel. 
The  following  observations  were  made  at  the  request  of 
Professor  Hermann  Struve.  They  are  not  corrected  for 
refraction.  In  nearly  all  cases  a  power  of  700  was  used. 
Central  Standard  Time,  6h  0'"  slow  of  Greenwich  M.T.  is 
used  throughout. 


1910 

Julv 


July 


1911 

July 


July 


12 


Julv    24 


Aug.      7 


Sept.    20 


Uranus  and  Ariel. 
C.S.  Time         P. A.        Dist.  Comp. 


11  55  24 

12  0  48 
12  5  37 

11  8  50 

11  14  39 

9  35  27 

9  38  48 

9  40  59 


7  29  38 
7  34  48 
7  38  47 


P.A. 
79.57 

356,35 


10.80 
11,50 


....       5 
12.60  ±2 


276.04 


340.88 


12.87 

13.46 


13.69 
13.30 


Remarks 

With  occulter. 

Very  difficult, 
13-14  mag. 

Difficult. 
Distance  a 
mere  guess. 

Very  f'nt,  diffi. 
Another  sat  ite 

South  pr. 

10" -20". 

Sky  v.  thick. 

Very  difficult. 


Uranus  and  Umbriel. 
12     12  12  22     295.52  5     Very  faint  = 


12   17  12 
12  20  44 


2     12  45  44 
12  54  11 

12  59  17 

16     13  12  13 

13  16  51 
13  19  51 


170.20 


316.17 


15.83 
16.07 


19.50 
20.33 


14  mag. 


Very  difficult 
and  faint. 
With  occu'er. 


....  7 
16.86  4 
16.56     5 


July     25 


July 
July 

July 

July 
July 

July 


C.S.  Time 

P.A. 

Dist.  Comp.         Remark.- 

h       in       s 

11  43  43 
11  48  22 
11  51  48 

3.55 

....     5     Seeing  very 
19.69     5         bad. 
19,57     4 

Uranus  and  Titania. 

1910 

May     31     14  32  46  352.11       5     Seeing  v.  poor. 

14  36  11       31.21  4     Satellite  faint, 

14  39  2       31.05  4 

June       7     15     3  19  281.56  ...  5 

15  7  4       25.15  4 

15     9  37       24.79  4 


June     12 


Julv 


14  27  28 
14  32  15 
14  35     9 


131.07 


27.44 
27.02 


11  59  56     269.20      .... 

12  s  31      25.70 

12  14  55       24.59 


6 
4 

4 

6 
4 


10     11     2  47 

11  29     5 

12     12  35     7 

12  38  9 
12  40  38 

11  26  0 
11  29  25 
11  31  53 

10  36  22 
10  41  9 
10  44  39 

26      9  57  33 
10     2  46 


10     6  24 

31     10     2  10 
10     6  39 


194.28       ....      4 
31.70±2 


2S5.60 


17 


24 


133.10 


49.03 


142.87 


....  o 
25.72  4 
25.39     4 


28.29  4 

2S.55  4 

....  6 

2S.63  4 

28.75  4 

....  5 

28.S2  4 


29.58     4 


349.33      ....       5 
31.71     4 


Very  difficult 

and  faint. 


Clouds 

Seeing  fairly 
good. 


Seeing  v.  bad. 
Satellite  very 
faint. 


Titauia  isfr.  0.1 

to  0.2  mag. 
brighter  than 
Obcron. 
Seeing  poor. 

Clouds. 
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C.S.Time  P.A.  Dist.  Comp.         Remarks 

1910                          h       m       s  o                     • 

Aug.       2     10  13     6  62.48     ....  5     Same  brig'ness 

as  Oberon. 

10  17     0       28.47  5     Very  faint  and 

10  20  42       28.27  5         difficult  in 

thick  sky. 

Aug.      9       9  52  14  357.71      ...  4 

9  55  20      31.95  4 

9  57  46     31.92  4     Seeing  poor. 

Sept.    10       7  49  40  230.06     ....  5 

7  53  24       28.17  4 

7  56    2      27.59  4 

Sept.    20       7  46  20  293.31     ....  5     Seeing  good. 

7  49  56       26.11  4 

7  53     4       25.66  5 

Sept.    25       9    8    5  143.27      ....  5     Very  difficult. 

9  11  28       28.57  4         Planet  low 

9  14  48      28.43  5        seeing  bad. 

Oct.       9       6  33     2  355.41     ....  5     Seeing  v.  bad. 

6  36     7      29.87  4 

6  39  10      30.10  5 

1911 

June    30     14  42  22  128.99      ....  5     Faint  fr.  poor 

14  46  16      26.26  4        seeing. 

14  49  26       26.12  5 

July       2     11  51     6  195.14       ....  5 

11  56  39       30.82  4 

11  59  31       30.62  4 

July       4     13  45  37  291.25     ....  5     Difficult  from 

13  51  26      25.52  4     bad  seeing. 

13  55  30       24.44  4 

July     16     13  25  29  53.16     ....  5 

13  28  59      26.78  4 

13  31  21      26.36  4 

July    25     1155  25  65.44  ....  5     Seeing  very  bad. 

11  59  14   25.72  4 

12  12  48   25.15  4 

July     30     12  51     0  283.56     ....  5     Seeing  poor. 

12  54     2       24.49  4 

12  56  18       24.46  4 

Aug.    20      9  58  25  56.13  ....  5    Seeing  very  bad. 

10     2  16       27.08  5 

10     4  42       26.61  4 

Aug.    29      9  58    6  69.73  ....  5 

10     111       24.92  4 

10     3  23       25.12  4 

Sept,     1       8  23  21  192.79  ....  5     Excessively  f'nt 

8  28  53       30.92  5         and  difficult. 

8  32  32      29,59  5     Moonlight  and 

bad  seeing. 

Sept.   19       8  29  59  213,59  ....  5 

8  33     6       28.65  4 

8  35  52       29.1S  4 


Uranus  and  Oberon. 

CS  Time  P.A.  Dist.  Comp.         Remarks 

1910  h        m       8  °  » 

May    31     14  44  32  102.62       ...  5 

14  49     8      33,39  5     See'g  very  poor. 

14  53     6      33.67  5     Satellite  faint. 

June     7     15   13  17  292.75       ....  5     The  disc  app'rs 

elliptical. 

15  16  20       33.79  3     The  axis  nearly 

vertical. 

15  18  37      33.90  3     Settings  for  PA 

of  axis  177°. 

June    12     14  39     2       55.44  ....  5 

14  43  44       35.9S  5 

14  47  26       36.14  5 

July      3     11  40  5S  257.68  ...  6     Bad  seeing  and 

11  48  25       35.14  4         haze. 

Very  difficult 

11  53     8       33.80  4         and  faint. 

July    12     12  26  51  148.22  5 

12  29  47       39.37  4 

12  32     5       39.21  4 

July    17     11   15     6  274.70  5     See'g  excessive- 
ly bad. 

11   19  13      34.31  4     Satellite  very 

11  22  14       34.63  4         faint. 

July    24     10  24  11  101.22  ....  4 

10  28  30  34.92  4 

10  31  36  34.45  4 

July    26     10  10  40  159.02  ....  5 

10  15  38      40.36  4     Seeing  poor. 

10  19  24       41.15  4 

July    31       9  47  53  291.64  ....  5 

9  52  34  34.35  5 

9  56     9       34.43  5 

Aug.     2       9  53     6  345.12  5     Satellite    exces- 

9  57  44       41.51  4         sively  faint  in 

10     1     0       41.79  4         thick  sky. 

Sept.  10   7  33  16  306.15  ....  6 

7  40  39   36.02  4 

7  45  0   35.82  4 

Sept.  20   7  57  58  205.06  ....  6  Seeing  good. 

8  2  25       40.09  5 

8  6  37       40.19  6 

Sept.  25      8  57     7  348.63  ....  5     Very  difficult, 

9  1     8       40.92  4     Planet  very  low. 

9     4     4       40.16  4 

Oct.   9   6  43  1  357.95  6  Seeing  very  bad. 

6  47  31   41.34  4 

6  49  43   41.04  4 

1911 

June  20  14  43  29  323.52  ....  5  See'g  very  poor. 

14  47  4   37.16  4 

14  50  15   37.92  4 
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5  lime  l'.A.        Bjst.  Comp.  Remarks 

1911  li       m      s  /;  , ;  ■         - 

June  30     14  2&~55  212.61     .  ...  5     Faint  from  poor 

14  35     2       38=08  4         seeing. 

14  3S     9      3S.59  4 

Julv      2     11  38  28  273.43     ....  5 

11   43  14       -.-v.1-.'    31.90  4 

11  47     4  ' 31.42  4 

Julv      4     13  30  27  335.41      ....  5     Seeing  very  kid. 

13  35  22  ....  39.56  4     Thick  sky. 

13  39  20  39.64  4     Satellite  faint. 

Julv     16     13  44  19  294.68     ....  5 

13  47  29  33.04  4 

13  49  53  33.29  4 

July    25     12     4  49  171.02       ...  5     See'g  very  bad. 

12  8  42  42.61  4 

12  11  27  42.55  4 

Julv    30     12  42  33  310.21      ...  5     Seeing  poor 

12  45  48  35.32  4 

12  48    8  35.18  4 

Aug.    15     1126  25         7.40  ....  5     Very  difficult. 

1130  45  42.64  4     See'g  very  bad. 

1 1  33  42  42.77  5 

Yerkes  Observatory,  Williams  Bay,  Wise,  1912  June  24. 


1811 

Aug. 


Aug. 


Sept. 


Aug.      2 


Aug. 


1911 

July 


C.S.Time  P.A.  Dist.  Comp. 

h         III        8  o  if 

20       9  49    9  147.30  5 

9  52  45  38.62  4 

9  55  10  38.43  4 

29     10     6     0         5.67  5 

10     8  46  41.65  4 

10  11  20  41.84  5 

19       8  40     9  214.96  5 

8  42  59  37.94  4 

8  45  20  38.45  4 

Uranus  and  Stabs. 

■>       9  37  48  305.35  ....  5 

9  44     8  52.59  4 

9  47  58  52.77  4 

9     10     1   12  34.72  5 

10     4  13  28.77  4 

10     6  36  28.75  4 

16     13  34  34  144.66  ....  5 

13  38  22  36.50  4 

13  41     9  36.62  4 


Remarks 

See'g  excessive- 
ly bad. 


Difficult. 


F'nt  in  h.'clds. 
Seeing  poor. 

Titania  was  the 
same  br'tness 
as  this  star  = 
13m.9. 

Seeing  poor. 

Roughly  same 
brightness  as 
Obcron. 


NOVA    GEMINORUM  NO.  2, 

By  CHARLES   P.  OLIVIER, 


The  observations  of  Nova  Geminorum  2  contained  in 
this  paper  consist  of  7  observations,  made  with  the  naked 
eye  at  the  McCormick  Observatory-,  and  14  others,  made 
with  either  an  opera-glass  or  an  8  cm.  telescope,  by  myself 
at  Agnes  Scott  College,  Decatur,  Ga. 

All  the  observations  were  made  by  Argelander's 
method  and  the  magnitudes  of  the  comparison  stars  were 
taken  from  the  Revised  Harvard  Photometry. 

The  columns  contain  in  order  the  date,  number  of  com- 
parison stars  used,  deduced  magnitude  of  the  Nova,  and 
the  observer's  initials. 


Date 

C.S.T. 

*s 

Magn. 

Obs. 

1912  March   13 

6.5 

3 

3.95 

F.P.G. 

13 

6.5 

3 

4.07 

P.H.G. 

13 

6.5 

3 

4.18 

C.N.W. 

16 

6.5 

2 

5.32 

P.H.G. 

16 

6.5 

2 

5.66 

C.N.W. 

17 

6.5 

3 

5.27 

P.H.G. 

17 

6.5 

2 

5.28 

C.N.W. 

1912 


Date 

<  :.s.t. 

*f 

Magn. 

Obs. 

April 

2 

7.3 

3 

5.74 

C.P.O. 

3 

7.7 

4 

5.77 

C.P.O. 

5 

7.3 

2 

5.83* 

('.P.O. 

8 

8.0 

3 

6.35 

C.P.O. 

9 

7.3 

2 

6.45* 

C.P.O. 

10 

7.9 

4 

6.20 

C.P.O. 

11 

2 

6.2N* 

C.P.O. 

13 

7.3 

3 

6.11 

C.P.O. 

18 

7,'? 

3 

6.11 

('.P.O. 

19 

7.7 

4 

6.12 

C.P.O. 

23 

7.9 

3 

6.34 

c.p.o. 

May 

7 

8.5 

3 

7.30 

C.P.o 

13 

8.5 

3 

7.41 

c.p.o. 

16 

s.3 

3 

7.74 

C.P.O. 

The  other  observers  were  C.  X.  Wuxdek.  P.  H.  Gra- 
ham and  F.  P.  Guthrie  of  this  observatory. 

*  Haze  in  region. 

Leander  McCormick  Observatory,  University  oj  Virginia. 
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THE    COMPANIONS   OF   PROCYON  AND   SIRIUS, 

By  E.  E    BARNARD. 


Proci  ON 

Since  the  observations  printed  in  A.N.  4345  I  have  been 
able  to  secure  only  one  complete  and  one  partial  measure 
or'  Schaeberle's  close  companion.  The  conditions  have 
nol  been  favorable.  I  have  also  imagined  the  companion 
musl  ■  difficult  fin- sonic  other  reason  than  distance 

an.l  unfavorable  conditions. 

The  measures  of  this  companion  arc 


1910.025   Jan.  9 
.183    Mar.  s 


26.25  (12) 
22.31    (5) 


5  -1    9  double  distances) 


In  the  observations  of  January  9  the  satellite  was  fairly 
well  seen  at  the  settings  for  angle,  but  it  was  difficul!  at 
the  distance  measures.  The  observations  are  good,  how- 
ever. 

On  March  8  the  companion  was  very  difficult  at  the 
measures  for  angle.  Though  every  effort  was  made  to 
get  distances  it  could  not  be  seen  again. 

The  following  measures  of  the  distant  optical  com- 
panion have  been  made  when  trying  to  observe  the  close 
companion.  They  are  a  continuation  of  the  observations 
printed  in  A.J.  541  and  A.N.  4345. 


The  <  )ld  Companion. 


1909.915 

Nov. 

30 

1910.021' 

Jan. 

8 

.025 

9 

.159 

Feb. 

27 

.164 

Mar. 

1 

.175 

5 

.183 

s 

.194 

12 

203 

15 

urn. 271 

Apri 

!) 

1912.032 

Jan. 

12 

.136 

Feb. 

Id 

.188 

Mar. 

9 

352.56 
352.95 
::.52  H7 
353.56 
352.73 
353.33 
353.05 
353.39 
353.23 
354.25 
354.26 
354.84 
354.64 


67.S6 
67.95 

67.4!) 
67.38 
67.74 
(17.67 
67.66 
68.00 
67.68 
68.92 
69.5S 
69.50 
7(1.06 


Seeing  had 
Seeing  very   poor 
Seeing  very  poor 

Faint  in  haze 


Image  of  Procyon  breaking  badly 

Seeing  very  bad 
Seeing  fair 
Seeing  fail- 
Field  white.     Companion  faint 


A  faint  star  of  the  16th  magnitude  was  seen  and 
measured  on  two  dates  in  1912  with  respect  to  the  old 
companion.     It  was  nearer  Procyon  than  that  star. 

Old  Companion  and  16th  Mao.  Star. 


1912.136  Feb.  19  156.63 

.188  Mar.    9  157.29 


37.09 

37.10 


The   first   of  these   gives  the  position  with   respect    to 
I 'roc  iion. 


P.  A.     1S.67 


Dist.    36  21 


Sirius. 

These   measures   are   continued   from    A.J.   617.     The 
large  distance  of  the  companion  would,  under  good  con- 
ditions, make  the  observations  very  easy,  but   the  ven 
great  brilliancy  of  Sirius,  under  poor  conditions  of  seeing 
spreads  its  light  over  a  large  part  of  the  held  and  m 
the  companion  either  difficult  or  altogether  invisible.  <■  ei 
when  a  hexagonal  diaphragm,  or  an  occulter  is  used.     In 
A.J.  617  at  the  observation  of  January  0  the  estimated 
magnitude  was  10. 

(107) 
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Measures  of  the  Companion. 


1910.829 

Oct. 

30 

86.96 

9.15 

.835 

Nov. 

1 

86.82 

S.S6 

1911.161 

Feb. 

28 

85.29 

9.54 

.194 

Mar. 

12 

so. 12 

9.37 

199 

14 

87.57 

10.01 

.213 

19 

87.38 

9.87 

.270 

Apr. 

9 

87.54 

19 

Dec. 

1!) 

85.71 

10.13 

1912.032 

Jan. 

12 

84.25 

9.73 

.037 

14 

83.22 

9.86 

.136 

Feb. 

19 

85.33 

9.90 

L87 

Mar. 

9 

85.32 

9.90 

rvatory,  Williams  B<i>/.  Wise,  1912  June  29. 


Seeing  poor  but  well  seen  by  glimpses 

Angles  well  seen.     Distances  difficult 

Difficult.     Seeing  poor 

\  <ty  difficult.     Lost  in  light  of  S 

Very  difficult.      Haze  and  bad  seeing 

Difficult.     Bad  seeing.     Faint  and  blurred 

ng  poor.     !»',  or  id  mag. 
Sec,  Measures  fair 

Well  seen  once  in  a  while 
Well  seen  but  blurred.     0  mag. 
Fairly  well  seen 


OBSERVATIONS   OF   COMET    1911  f  (QUEJV/ssed, 

MADE    WITH    THE    ll-INCH    EQUATORIAL    AT    SMITH    COLLEGE    OBSERVATORY,   NORTHAMPTON,   MASS 

By  HARRIET   \V.  BIGELOW. 


1911  Greenwich  M.T. 

* 

Comp. 

la 

z/8 

App.  a 

App.  S 

log 

PA 

Red.  to 

App.  PI. 

Oct     : 

)i        in       s 

14  35     0 

1 

8  .  '.1 

m       s 

-0  34.46 

+  1 

h       in        » 

15  26  40.70 

+■46    13 

0.775 

0.754 

+0*02 

-0.0 

9 

12  33  4!) 

2 

15t,  8 

-0  54.46 

-4 

2.0 

15  2!)  33.58 

;  21  17.9 

0.771 

0.554 

+0.10 

-0.3 

10 

13  23   15 

3 

12t,  5 

-1  32.83 

+  6 

54.0 

15  30  55.76 

-41  36     7.4 

9.763 

0.673 

-0.14 

-0.5 

13 

12    4s   21 

4 

8  .  s 

-0  23.60 

5 

19.2 

15  34   19  71 

-36  4s  56.1 

0  73  1 

ii  657 

-0.25 

-1.2 

14 

12  41    47 

6 

121.5 

:;     6.36 

-4 

53.2 

15  35   18.93 

5    17  51.8 

9  725 

- 

-1.9 

16 

12  21  53 

7 

i  .  7 

-0      bin 

ii 

20.0 

15  37     4.S4 

32  23  32.0 

9.708 

0  658 

-0.33 

20 

12     2   17 

9 

s  .  8 

rll     5.72 

-3 

:;_'  9 

15  39  57.93 

-  27      1   23.2 

o  683 

0.681 

-3.4 

23 

11   46  4.". 

11 

7  .  6 

-0  37  5.', 

+  2 

51.4 

15  41  38.74 

.  21   39.2 

9.668 

0.695 

-11.44 

-4.0 

24 

12     0  40 

13 

s  .7 

•  u  28.03 

+  2 

17.3 

15   42     9.62 

22    11 

9.669 

ii  717 

-4.5 

25 

11   35  54 

15 

s  .7 

-  0   12. '.14 

-4 

41.4 

15   42  3i  it  is 

+  21     4  24.9 

0.704 

+0.47 

-4.6 

26 

11   38  10 

17 

6  .7 

ii    16.54 

-2 

12.4 

15  43      1.15 

+  19  58     1.3 

9.659 

0.713 

-0.40 

-4.9 

28 

11  52    is 

19 

6  .  7 

0   10.01 

-2 

55.0 

15  IS   46.99 

+  17  49   12.3 

9.658 

0.73s 

+0.52 

-5.4 

Nov.  2 

11  24     8 

21 

9  .  8 

-0   10.94 

-4 

16.4 

15  45   12.42 

+  12  53  52.8 

9.646 

0.746 

+0.58 

-6.6 

(  (bservations  marked  t  were  taken  by  transits;   the  others  by  micrometer  measures. 


Mean  Places  of  Comparison- Stars  for  tin   beginning  of  the    Year. 


* 

- 

8 

Authority 

* 

1 

< 

i 

8 

Authority 

h 

Ill          S 

o        / 

» 

i 

■1 

s 

& 

1 

15 

27   15.14 

+46   41 

23.3 

i.G.  Bonn              0002 

12 

15 

43 

0.93 

+23  26 

43.2 

A.G.  Berlin  B 

5415 

2 

15 

30  27.94 

+43   17 

15  3 

A.G.  Bonn            10030 

13 

15 

41 

41.13 

-22     9 

ISO 

t  Coiup.  with  14 
f  A-+sm  -i*      A 

3 

15 

32  28  15 

-41   29 

13  '.i 

A.G.Bonn             10047 

n 

15 

39 

16.48 

2]    59 

2  s 

A  ( !    Berlin  B 

:      i 

1 

15 

3  1   43.06 

36  43 

38.1 

c  Comp.  wiiii  5 
(A°— lin  59s  15  .A 

15 

15 

42 

22.67 

-21      0 

1110 

v  1 

\  A'  Mm  229.90  A ■"— 0'  27* 

.9 

5 

15 

36  42.81 

+36  47 

9.4 

A.G.Lund              6401 

16 

15 

40 

59.77 

21      0 

38  s 

A.G.  Beriln  B 

-.401 

<i 

15 

32   12.30 

15  22 

16.9 

A.G.Lund              0  160 

17 

15 

13 

17.20 

-20     o 

18  6 

/  _i        IIU205.3!   A    -•     14' 

_ 

7 

15 

37     5.91 

-  32  23 

15.1 

i  A  —  --in  is  -'    A  -■< 

is 

15 

11 

56  7s 

-10  52 

3.9 

A.G.  Berlin  B 

5410 

s 

15 

7.11 

12  .'7 

17.7 

\  G.  Leiden            556s 

19 

15 

43 

56.4s 

^17  52 

127 

i  A'-hn  ::is.;:    \ 

s 

0 

15 

51.81 

27     4 

50.5 

1  A  ■  foni  528  B    A 

20 

15 

42 

25.16 

17   4s 

34.4    A.G.  Berlin  A 

5645 

10 

15 

38  59.51 

+  27     7 

35.3 

A.G.  Cambr.  Eng  .7299 

21 

15 

15 

22.78 

+  12  40 

43.0    A.G.  Leipzig  1 

5510 

11 

15 

42   15.83 

+  23   is 

5 1  8 

i  Comp.  with  12 

t  A"-0m  45B.57  A'-l'  40"  I 
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SUNSPOT   OBSERVATIONS, 

.MADE    AT    Iii:ia\V\,    PENN.,   WITH     V     l^-INCH    REFRACTOR, 


Bv  A 

.  W 

QUIMBY. 

1911 

Time 

New 
Grs. 

T 
Grs. 

ital 
Spots 

Fac. 

Grs. 

Def. 

1911 

Time 

New 
Grs. 

Total 
Grs.  Spots 

Grs 

Del 

1911 

Time 

New 
Grs. 

Total 
Grs.  Spots 

Grs. 

Def. 

July    1 

6 

— 

- 

— 

_ 

fair 

Aug.  27 

5 

_ 

_ 

_ 

f  ai  r 

Oct.  29 

7 

__ 

_ 

faii- 

2 

6 

- 

- 

- 

- 

fair 

28 

7 

- 

f  ai  r 

30 

7 

- 

- 

- 

- 

fair 

3 

6 

- 

- 

- 

fair 

2!) 

7 

- 

- 

- 

fair 

31 

<) 

fair 

4 

10 

- 

- 

- 

tan- 

30 

10 

poor 

Nov.    1 

'.) 

1 

1 

3 

fair 

5 

6 

- 

- 

fair 

Sept.  1 

5 

1 

5 

1 

fair 

2 

7 

- 

1 

1 

<> 

6 

- 

- 

- 

1 

fair 

o 

7 

."> 

1 

faii- 

3 

7 

- 

1 

1 

- 

fair 

7 

6 

- 

- 

3 

5 

3 

1 

fair 

4 

8 

- 

- 

- 

1 ■ 

8 

6 

- 

- 

- 

! 

4 

7 

3 

- 

fair 

5 

7 

- 

- 

1 

fair 

'.i 

12 

- 

fail- 

5 

7 

2 

faii- 

7 

7 

- 

- 

aii 

10 

6 

- 

- 

- 

fair 

6 

7 

1 

- 

poor 

8 

7 

- 

- 

- 

- 

fair 

11 

6 

- 

- 

- 

faii- 

7 

7 

1 

faii- 

!) 

12 

- 

- 

poor 

12 

(i 

- 

- 

- 

fair 

8 

7 

1 

fair 

10 

7 

- 

- 

- 

faii- 

13 

6 

- 

fail- 

9 

11 

1 

- 

poor 

11 

7 

- 

- 

- 

- 

faii 

1  1 

10 

- 

- 

- 

poor 

10 

5 

1 

pooi- 

12 

7 

- 

- 

- 

fair 

15 

(5 

1 

1 

7 

11 

5 

- 

1 

fair 

13 

7 

- 

- 

- 

f  ai  r 

10 

5 

1 

1 

- 

faii- 

12 

7 

- 

- 

- 

- 

f  ai  r 

14 

7 

- 

— 

- 

- 

faii- 

17 

5 

- 

poor 

13 

7 

- 

- 

- 

faii- 

15 

7 

- 

- 

- 

tair 

18 

6 

- 

- 

- 

- 

fair 

14 

7 

- 

- 

- 

- 

fair 

16 

7 

- 

- 

- 

- 

faii- 

19 

6 

- 

- 

- 

- 

good 

16 

3 

- 

- 

_ 

_ 

fair 

17 

7 

_ 

- 

— 

- 

fair 

20 

6 

- 

- 

- 

- 

fail- 

17 

7 

- 

- 

_ 

— 

fair 

18 

!l 

- 

- 

- 

- 

fail- 

21 

(i 

- 

- 

- 

- 

fair 

18 

7 

- 

- 

- 

_ 

faii- 

11) 

8 

- 

- 

- 

- 

fair 

22 

6 

- 

- 

- 

faii- 

1!) 

7 

- 

- 

- 

- 

fair 

20 

s 

- 

- 

- 

- 

faii- 

23 

(i 

- 

- 

- 

fair 

20 

7 

- 

- 

- 

- 

fair 

21 

s 

- 

- 

- 

- 

poor 

24 

li 

- 

- 

- 

- 

fair 

21 

7 

- 

- 

- 

- 

faii- 

22 

s 

1 

1 

faii- 

25 

6 

- 

- 

- 

- 

faii- 

22 

7 

- 

- 

- 

- 

fair 

23 

s 

- 

1 

fair 

26 

6 

- 

- 

- 

- 

fair 

23 

7 

- 

- 

- 

- 

fair 

25 

s 

- 

- 

fair 

■27 

6 

- 

- 

- 

- 

fail- 

24 

8 

- 

_ 

- 

— 

f  ai  r 

26 

s 

- 

- 

f  ai  r 

28 

6 

- 

- 

~ 

- 

fair 

25 

7 

- 

- 

- 

— 

faii- 

27 

s 

- 

- 

f  ai  r 

29 

6 

- 

- 

- 

- 

faii- 

26 

7 

- 

- 

- 

- 

fair 

28 

10 

- 

- 

poor 

30 

(i 

- 

- 

- 

- 

fair 

27 

7 

- 

- 

- 

- 

fail- 

30 

s 

- 

- 

poor 

31 

(i 

- 

- 

- 

- 

fair 

28 

7 

- 

- 

- 

- 

fair 

Dec.    1 

s 

— 

- 

f  ai  r 

Aug.  *1 

6 

- 

- 

- 

- 

faii- 

29 

7 

- 

— 

- 

— 

faii- 

2 

s 

- 

- 

- 

1 

faii- 

*2 

6 

- 

- 

- 

- 

fair 

30 

7 

- 

- 

- 

- 

fair 

3 

s 

- 

- 

- 

- 

fair 

*3 

6 

- 

- 

- 

- 

faii- 

Oct.    1 

'.i 

- 

- 

- 

- 

pool- 

4 

8 

- 

- 

- 

- 

poor 

*4 

7 

- 

- 

- 

- 

fair 

2 

12 

- 

- 

- 

- 

pom- 

5 

8 

- 

- 

- 

- 

lair 

*5 

8 

- 

- 

- 

- 

fail- 

3 

7 

1 

5 

- 

faii- 

(i 

s 

- 

- 

- 

- 

fair 

(i 

6 

1 

1 

- 

fair 

4 

8 

- 

■> 

- 

poor 

7 

s 

- 

- 

- 

- 

tail- 

7 

7 

- 

2 

- 

faii- 

5 

7 

- 

1 

- 

poor 

8 

8 

- 

- 

- 

- 

fair 

8 

6 

- 

•_> 

- 

fair 

li 

7 

- 

2 

- 

faii- 

9 

s 

- 

- 

- 

- 

faii- 

9 

6 

- 

4 

- 

faii- 

7 

2 

- 

2 

- 

poor 

10 

s 

- 

- 

- 

- 

fair 

10 

6 

- 

3 

- 

fair 

8 

7 

- 

2 

- 

faii- 

11 

8 

- 

- 

- 

- 

fail- 

11 

6 

- 

1 

- 

faii- 

9 

2 

- 

- 

- 

- 

fair 

12 

8 

— 

- 

- 

- 

fair 

12 

6 

- 

1 

- 

fair 

10 

7 

- 

- 

- 

1 

faii- 

13 

8 

- 

- 

- 

- 

pooi- 

13 

4 

- 

1 

- 

f  ai  r 

12 

7 

- 

- 

- 

- 

fair 

14 

8 

- 

- 

- 

- 

poor 

14 

6 

1 

3 

2 

fair 

13 

7 

- 

_ 

_ 

_ 

faii- 

17 

S 

- 

- 

- 

- 

faii- 

15 

6 

- 

2 

2 

faii- 

14 

7 

- 

- 

- 

— 

fair 

IS 

s 

- 

- 

- 

- 

fair 

16 

6 

- 

1 

1 

fair 

15 

7 

- 

- 

— 

_ 

faii- 

1!) 

8 

_ 

- 

- 

- 

faii- 

17 

12 

- 

- 

- 

- 

faii- 

16 

7 

— 

- 

_ 

— 

fair 

20 

8 

1 

1 

4 

- 

fair 

18 

4 

- 

- 

- 

- 

fair 

17 

9 

- 

- 

- 

- 

faii- 

21 

9 

- 

1 

2 

- 

pooi- 

19 

7 

- 

- 

- 

- 

faii- 

18 

5 

- 

- 

- 

- 

poor 

22 

8 

- 

1 

2 

- 

poor 

20 

7 

- 

- 

- 

- 

fair 

22 

8 

- 

— 

- 

- 

faii- 

23 

3 

- 

1 

1 

- 

poor 

21 

7 

- 

- 

- 

- 

faii- 

23 

7 

- 

- 

- 

- 

fair 

24 

8 

- 

- 

- 

- 

poor 

22 

7 

- 

- 

- 

- 

fair 

24 

7 

- 

- 

- 

- 

faii- 

25 

8 

- 

- 

- 

- 

1 r 

23 

7 

- 

- 

- 

- 

faii- 

25 

7 

- 

- 

- 

- 

fair 

27 

1 

- 

- 

- 

- 

pooi- 

24 

7 

- 

- 

- 

- 

fair 

26 

7 

- 

- 

- 

- 

faii- 

28 

s 

- 

- 

- 

- 

fair 

25 

7 

- 

- 

- 

- 

faii- 

27 

4 

- 

- 

- 

- 

poor 

2!) 

8 

- 

1 

1 

1 

gootl 

26 

6 

— 

— 

— 

- 

fair 

28 

7 

- 

- 

- 

- 

fair 

30 

11 

- 

- 

- 

poor 

*  Made  with  2^-inch  refractor 
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SUNSPOT   OBSERVATIONS, 

MADE    AT    BEBWYN,   PENN.,  WITH    A    4J-INCH    Rl  l    IACTOR, 

B*  A.  W.  QU1MBY. 


1912 

Time 

Grs. 

Tc 

Grs. 

tal 
Spots 

Fac. 
Grs. 

Def. 

1912 

Time 

New 

Grs. 

Total 
Grs.  Spots 

Fac. 
Grs. 

Def. 

1012 

Time 

Grs. 

Total 
Grs.  Spots 

Fac. 
Grs. 

Del 

Jan.     1 

8 

fail- 

Feb.  29 

8 

_ 

_ 

— 

fair 

May    4 

7 

— 

— 

— 

— 

faii- 

2 

8 

- 

fair 

Mar.    1 

8 

- 

fair 

5 

7 

- 

- 

fair 

3 

8 

— 

— 

fail- 

2 

8 

- 

- 

- 

- 

faii- 

G 

7 

- 

- 

faii- 

4 

s 

- 

- 

- 

fair 

3 

8 

fair 

8 

3 

- 

- 

fair 

5 

s 

- 

fail- 

4 

8 

- 

- 

- 

fail- 

9 

7 

- 

1 

fail- 

6 

s 

— 

- 

fair 

5 

8 

- 

- 

- 

fair 

10 

7 

- 

- 

1 

fair 

i 

8 

- 

- 

- 

- 

faii- 

6 

8 

- 

- 

- 

- 

poor 

11 

7 

1 

faii- 

8 

8 

- 

_ 

- 

fair 

7 

4 

1 

3 

1 

tail- 

12 

3 

- 

- 

- 

fair 

9 

8 

— 

- 

fail 

9 

3 

- 

1 

- 

poor 

13 

9 

- 

- 

- 

- 

fair 

10 

8 

— 

fair 

10 

8 

- 

2 

- 

fair 

14 

7 

- 



fail- 

11 

8 

- 

— 

fail- 

11 

8 

- 

3 

- 

fair 

15 

9 

- 

- 

- 

- 

fair 

12 

2 

- 

poor 

13 

2 

- 

3 

- 

poor 

17 

7 

- 

- 

- 

faii- 

13 

3 

- 

- 

fan- 

14 

8 

- 

4 

- 

faii- 

18 

7 

- 

- 

- 

fair 

14 

8 

— 

— 

— 

fair 

16 

8 

- 

3 

1 

fair 

19 

7 

- 

- 

- 

- 

faii- 

15 

8 

— 

- 

— 

_ 

fail- 

17 

8 

- 

1 

1 

fair 

20 

7 

- 

- 

fair 

16 

8 

_ 

- 

— 

- 

fair 

18 

8 

- 

- 

- 

1 

poor 

21 

7 

- 

- 

- 

fair 

17 

8 

- 

- 

— 

— 

fail- 

l!i 

8 

- 

- 

- 

- 

fail- 

22 

7 

- 

- 

fair 

18 

8 

- 

— 

_ 

fair 

20 

8 

- 

- 

- 

- 

fair 

23 

7 

- 

19 

9 

— 

_ 

_ 

fail- 

22 

8 

- 

- 

- 

- 

faii- 

24 

7 

- 

- 

- 

- 

faii- 

•jo 

8 

- 

fair 

23 

8 

- 

- 

- 

- 

fair 

25 

7 

- 

- 

fair 

21 

8 

— 

- 

- 

— 

poor 

25 

8 

- 

- 

- 

fair 

26 

7 

1 

1 

3 

1 

faii- 

22 

8 

- 

poor 

26 

8 

f  ai  r 

27 

7 

- 

1 

2 

1 

fair 

23 

8 

- 

— 

fail- 

27 

8 

- 

- 

- 

- 

fair 

28 

7 

- 

1 

1 

- 

fair 

24 

8 

— 

- 

- 

— 

fair 

28 

8 

- 

- 

fair 

29 

9 

25 

8 

- 

— 

fail- 

29 

8 

- 

fair 

30 

7 

- 

- 

fair 

26 

10 

- 

- 

- 

poor 

30 

8 

f  ai  r 

31 

7 

- 

- 

fan- 

27 

3 

_ 

- 

— 

_ 

faii- 

31 

8 

- 

- 

fair 

.lime    1 

7 

1 

1 

2 

1 

fair 

28 

8 

- 

- 

- 

fair 

Apr.    1 

8 

- 

2 

7 

1 

2 

1 

fan- 

30 

1 

- 

poor 

2 

3 

- 

1 

fai  r 

3 

7 

fair 

31 

s 

- 

poor 

3 

8 

1 

Fail 

4 

7 

fail- 

Feb.    1 

8 

1 

good 

4 

8 

- 

- 

- 

fail- 

5 

7 

2 

8 

- 

faii- 

5 

8 

- 

- 

- 

- 

6 

7 

- 

- 

- 

1 

fair 

3 

8 

_ 

— 

— 

— 

fair 

6 

8 

- 

- 

fair 

7 

7 

1 

faii- 

4 

8 

- 

- 

fair 

7 

8 

- 

- 

- 

::    , 

8 

7 

- 

1 

fair 

5 

8 

faii- 

8 

8 

1 

3 

- 

faii- 

!i 

7 

fair 

(', 

8 

fair 

9 

8 

- 

15 

- 

fair 

10 

7 

- 

fair 

7 

8 

faii- 

10 

3 

15 

- 

faii- 

11 

7 

- 

faii- 

8 

8 

— 

fair 

11 

8 

15 

fair 

12 

7 

- 

fair 

9 

8 

— 

- 

faii- 

12 

s 

12 

- 

faii- 

13 

7 

- 

faii- 

10 

8 

- 

fair 

13 

:; 

poor 

14 

7 

fair 

11 

9 

faii- 

1  1 

4 

poor 

15 

7 

- 

faii- 

12 

8 

- 

poor 

15 

10 

- 

faii- 

16 

4 

1 

fair 

13 

'.i 

fair 

16 

7 

- 

fair 

17 

7 

1 

fair 

14 

8 

faii- 

is 

3 

- 

- 

is 

7 

1 

faii- 

15 

8 

1!) 

7 

fair 

1" 

7 

16 

8 

- 

fair 

20 

7 

- 

fair 

20 

7 

fair 

17 

8 

— 

- 

fair 

21 

7 

- 

fair 

21 

7 

fair 

is 

8 

— 

fair 

23 

7 

- 

faii- 

22 

7 

faii- 

19 

8 

- 

fair 

2  1 

7 

fair 

23 

7 

fair 

J) 

3 

— 

fair 

25 

7 

21 

7 

fair 

22 

8 

- 

fair 

26 

7 

fair 

25 

7 

faii- 

23 

8 

— 

27 

7 

- 

26 

7 

- 

fair 

24 

8 

[air 

28 

7 

- 

27 

7 

1 

fair 

25 

8 

- 

- 

i  aii- 

May     1 

7 

1 

1 

1 

1 

fair 

2s 

7 

1 

faii- 

27 

8 

— 

■_> 

7 

- 

- 

1 

2 

fair 

29 

7 

- 

- 

- 

good 

28 

8 

- 

iair 

3 

7 

1 

3 

"a  r 

1 

7 
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OBSERVATIONS   OF   THE    SATELLITE    OF    NEPTUNE,   1910-1912, 

By  E.  E.  BARNARD. 


The  following  observations  oi  the  satellite  of  Nepturu 
are  a  continuation  of  those  printed  in  A.J.  (117.  All  the 
measures  have  been  made  with  a  power  of  700  diameters 
on  the  great  telescope.  Central  Standard  Time,  6h  0m 
slow  of  Greenwich  .M.T.  is  used  throughout.  In  all  the 
measures  the  center  of  the  disc  of  Neptunt   was  bisected. 


i  > Time 


Oct. 


Oct. 


15  47  40 
15  53  11 
15  56  57 


( )d .   9 


Oct.  16 


15  4o  25 
15  4!)  55 

15  52  36 

16  39  27 
16  43  27 

1(5  47  16 


Nov.  1 


Nov.  11  14 


14  55  12 

14  57  55 


PA. 


1910  li   in   s       o 

Sept,  27  16  37  0  254.33 

16  39  52  

16  Hi  47  


295  60 


16  2  6  343.03 
16  5  7 

16  9  17   


242.20 


146.50 


Oct.  18  16  27  1   44.53 

16  30  43 

16  33  44 

Oct.  25  15  33  0  320.48 

15  45  38  319.27 

15  50  50 

15  5.5  2 

Oct.  30  15  39  14   28.76 

15  43  30 

1.5  46  31 


14     7  50     272.19 
14   11  33 
14  14  13 


6.66 


Nov.    24 


Nov.    29 


Dec.     11 


13  22  36     294.35 
13  26  18 
13  29  33 


14  .57  46 

15  1  37 
15     6  52 


336.34 


11  33  37     330.84 

11  36  57 

1 1  39  4.5         ... 


Dist.  ('(imp.         Remarks 

5 
13.46  4 
13.66     4 


16.45 
15.63 

12.43 
12.29 

12.53 
12.29 

12U7 
13.24 


6  Difficult.  Seeing 
5  very  bad.  Sky 
4         very  thick. 

.5  V.  faint.    Clouds 

4  ami  bad  see- 

5  ing. 

(i  Excessively  f'nt 
4  from  moist ure 

4  on  obj't  glass. 

5  Satellite  easy. 
•5         Seeing  good. 


....      5  Very  faint  in 

1 1.43     4  moonli't  and 

12.00     4  poor  sky. 

5  Excessively  f'nt 

4  in  clouds  and 

1  4.57     4  bad  seeing. 

15.16     3 


5 
10.S2  4 
11.17     4 


Very  faint. 


5  Very  difficult. 

16.09     4  Excessively 

15.57     4  bad  seeing. 

5  Very  faint  from 
11.27     4  bad  seeing. 
11.19     4 

6  Seeing  poor  but 
16  7  1     4  satellite  well 
16.15     4  seen. 

5  Very  difficult  in 

12.78     4  hazy  sky. 
12.43     4 

5  Faint  with  bad 

1  1.33     4  seeing. 
14.13     4 


1910 

Dec. 


1911 

Jan. 


.Ian. 


Mar. 


C.S.  Time 

20     11   47  23 

11   .51  42 

11  .54  56 

3     13  56  8 

14     (i  33 

14     3  43 

22     12     S  7 

12  12  59 
12   Ki  25 


Jan.     29 


9  59  16 

10     2  4(1 
10     r»   16 


Feb  7  ll  16  16 
11  20  32 
11  23  43 


Feb.    21 


9  22  58 

li  26     9 
'.)  28  29 


7       8  53  25 

8  57  35 

9  o  29 


Mar.  12  8  18  31 
8  22  51 
8  25  48 

Mar.  14  7  33  12 
7  38  35 

7  42  37 

Mar     19       8    11   38 

8  16    is 
8    19  20 

April  16  lb  20  12 
10  23  42 
10  26  11 


Dec 


19     10  42  49 

10    Hi  55 
10  49  18 


1912 

Jan.     12 


Jan.     14 


Jan.     19 


10  44  Ms 
10  40   17 

10  52  32 

11  18  50 
11  25  26 

11   27  58 


11  3  39 

11  7  55 

11  14  30 

11  19  .56 


P.A. 
137J31 


J  list.  Oomp. 


Remarks 


2.86 


286.25 


235.03 


34.56 


265.21 


114.03 


165.54 


66,59 


101.  (13 


182.08 


162.3S 


132.74 


22.00 


S3.2S 


1.5.19 
14.65 


11.07 
10.93 

Kisl 
16.80 

12.41 

12.61 

11.09 
11.70 

15.99 
15.17 

16.4.5 
16.43 

11.85 
11.74 


14.26 

14.10 


(1  Very  faint.  See- 

5  ing  excessi'ly 

5  bad. 

6  Faint  from  bad 
4  seeing.      High 
4  wind. 

•5  Seeing  good. 

4  Satellite  13,5 

4  magnitude. 

.5  See'g  very  poor 

4  but  satellite 

4  easy. 

6  Dim  in  moonli't. 

4  Hazy  sky  but 

4  meas.  good. 

6  Well  seen  but 

4  seeing  v.  bad. 
4 


Well  seen  but 
seeing  poor. 


(i  Not  well  seen. 

4  See'g  v.  poor. 

4  Full  moon. 

9  Excessively  f'nt 

6  in  haze. 
5 


(l  Satellite  well 

16.7.5     4  -ecu 
16.68     4 

.5  Faint  from  low 

10.89     4  alti'de.      See- 

11.36     4  ing  very  poor 

....      5  Well  -eeu.      See- 

12.21     4  ing  fair. 

11.92     4  Meas   good. 

5  Fairly  well  seen. 

15.41     4  Temperature, 

15  38     4  -16°.5  (F). 

7  Fairly  well  seen 

11.24     4  Seeing  fair. 

11.13     4  Temperature, 

-5°,5  (F 

....       6  Tern.,      6  .5   I 

16.0.5     4  Very  faint  in 

15.67     4  dense  haze. 
15.56     2 
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i    S 


r  a. 


1912 

Jan.     21 


Jan.     MO 


Fel ..       3 


Feb.    19 


.Mar. 


Mar.      9 


Mar.    16 


15  17  4-1     296.55 
i:.  21     5 
15  23  36 


11  54  57 

11  58  36 

12  (I  56 

ID  8  50 
10   14     7 

10  18     (l 

11  s  57 
11  11  5!) 
11    14   :.7 

8  22  1  1 
s  25  48 
s  28  35 

8  58  50 

9  2  24 
9    4  :;4 

9  4!)  :.ll 
9  54  2 
'.I  58     6 


114.29 


250.65 


323.23 


207.89 


266.61 


182.02 


Dist.  ( 


16.92 
16.56 


17.02 

16.S8 

13.99 
12.87 

13.45 
13.65 

11.34 
11.36 

15.19 
15.47 

1117 
ILLS 


i.iii|i 


Remarks 


5  Excessively  f'nt 

4  in  haze,  but 

4  well  seen  at 

P.  A. 

5  Faint  from 

4  moonlit  but 

4  I',  well  seen. 


Excessively  t'n't 

from  b.  see'g. 

Tern.  - 12°  (F). 

Well  seen. 
Seeing  fair. 


5  Ft.  and  difficult 

5  from  bad 

4  seeing. 

5  Seeing  fair. 

4  Sat.  13  num. 
4 

5  Excess,  difficult 
5  fr.  thick  sky 
4  ami  n.  seeing. 


( I.S.Time 


P.A.        Dist.  Comp. 


Remarks 


1912 

Mar.     18 


Apr  8 

Apr.  21 

Apr.  22 

Apr.  27 

May  5 

May  7 


9    15  16       75.47      5     Very  faint  in 

9    is  28  14.29     4         clouds. 

9  51   38  14.45     ('. 


9  23    In     226.40 
9  28     2 
9  30  28 

!)  29  4:*     130.07 
9  32  48 

8  26  50       90.70 

s  21)  32 
8  31    14 

8-30  29     120.63 
8  35  10 
s  38  33 


8  36  35 
8  39  52 
8   12     3 


0.73 


8  30  39     255.06 

s  33  31       

s  35  26 


12.06 
11.75 


5 

1 
I 


5  Clouds  interru'd 

14. (is     4  observations. 

(i  Seeing  good. 

15.45     4  Satellite  easy. 

15.(31     4  t  )bser'n  . 

(i  Excess,  f'nt  fr. 

1  1.94     5  haze.  Moonli't 

15.03     5  ami  l>.  seeing. 


10.65     4 
10.85     4 

5  Seeing  poor. 
13.98  4 
14.01  4 


1910  Oct,    30 


C.S.  Time  P.A. 

h         in       »  o 

15  51    13  311.96 

15  57     1 

16  0  57  


Neptune  and  a  Star  North. 
Dist.  Comp. 


Remarks 


5         Same  magnitude  as  satellite.     Very  faint  ami  difficult 
S.51  4 

S.42  4 


Dili   Jan.     10 


Neptune  and  B.D.  +  21°1629  (8m.5)  (1855.0  7"23"'4S\7  +21°24'.5) 
87.47 


10  3s  36 
li)  42  4 
10  45  41 


....  5         Neptune  is  0.5  mag.  brighter  than  the  star 

151.67  4         Seeing  excessively  bad 

151.43  4         Satellites  not  seen.     Est.  mag.  of  the  star  8  7 


Neptune  and  B.D.  +21°1648  (9m.3)  (1S55.0  7h  29'"  5.'1  +21°  20'.1) 

1912  Feb.    19         11  34  29  45,59  ....  3 

11  36  47  179.25  3 

This  star  was  found  to  be  double  and  the  following  measures  obtained. 


1912.135  Feb. 

1'.) 

130.60 

1.11 

.187  Mar. 

9 

133.41 

1.16 

1(112.161 

132.00 

1.14 

1912.135  Feb. 

19 

28.32 

46.15 

.174  Mar. 

4 

2(1.97 

46.43 

.187 

9 

27.73 

46.17 

1912.165 

27.67 

16.25 

A  and  B 

'l'.1"         12'" 

g|m  _  |._,m      Seeing  poor.     Small  star  seen  only  once  in  a  while 


A  and  C 

Seeing  too  bad  to  see  it  double 
Small  star  =  12m.5 


Yerkes  Observatory,  Williams  Bay,  Wise,  1912    June  24 
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The  following  observations  of  the  occultation  of  Antan  s 
were  secured  at  this  observatory  June  26,  1912.  The 
times  are  given  in  Cincinnati  mean  time. 


OCCULTATION   OF    ANTARES, 

By  J.  (',.  PORTER  and  E.  SMITH. 

Professor  Porter's  observations  were  made  with  the 
16-inch  refractor  and  chronograph. 


Immersion 

Emersion 

h         m        B 

h        m    s 

Porter 

10  is  34.5 

11  37  3.9 

Smith 

Id  18  34.6 

11  M7  5.5 

Dr.  Smith  observed  with  the  11-inch,  using  the  eye  and 

ear  method. 

Obsi  rvatory,  Jam-  1912. 


VISUAL   AND   PHOTOGRAPHIC   OBSERVATIONS    OF   COMET    1911  b  {kiess), 

By  E.  E.  BARXARD. 


This  comet,  which  was  jusl   fairly  visible, without  any 
tail,  to  the  naked  eye  in  the  morning  skies  of  July  and 


August,  1911,  was  of  ordinary  interest  and  did  not  develop 
any  peculiarities  from  a  photographic  standpoint. 


The  following  micrometric  measures  of  the  comet  were  obtained  with  the  40-inch  telescope. 

Positions  of  the  <  !i  imet. 


1911  Greenwich  M.T 

A: 

A3 

Cps. 

a  App. 

o  App. 

Red. 

to  App. 

* 

(1       h        in       s 

in       g 

'             fi 

h       m       a 

O           '               // 

8 

n 

July  11  21    19  30 

+0   11  65 

-0     8.6 

4    ,6 

4  43   15.3 

:;i  30.9 

-0.06 

+  4.1 

1 

16  21  37   16 

-1     9  13 

+  4  33.2 

6tr,  4 

1  Ml  23.05 

+  33  25  44.6 

0.10 

+  4.4 

2 

23  21  43  43 

f0  24.98 

-3  28.0 

lOtr,  4 

4  20  51.34 

Ml    11     0.7 

+  0.41 

I  4  'i 

3 

25  21   30  20 

0  37.28 

+3  55.7 

8tr,  6 

1    16  24.66 

30   is  17.0 

+0.49 

+  5.4 

4 

Aug.    1  21   26  18 

+0  _'0.l'.") 

!4.3 

lot r.  6 

3  56     8.6 

h25  34± 

+  1.07 

■+  7.2 

5 

4  20  47  45 

+0  11  96 

+  1  46.4 

3    .4 

3  43  19.20 

+  22     8  12.0 

+0.97 

+  8.7 

6 

Mean  Places  of  Comparison- Stars. 


* 

o  1911.0 

d  1911.0                              Authority 

* 

a  1911.0 

3  1911.0 

Authority 

1 

2 
3 

h         in       8 

4  43     3.8       -34  30.9 

4  35  32.38        33  21         7.0 
4  20  25.95     +31    14      23.8 

B.D.    -  Ml  'Hn 
Leiden  A.G.C.        1751 
Leiden  A.G.C.       1683 

4 
5 
6 

h        m       s 

4   17     2.45 
3  55  47. 3 
3  4M     3.27 

30   1  1        5.9 

■  25  37 ± 
+  22     6       16.9 

9  Mag.  Compared  with  Ix-iden 
\  G  C.  1662 

Roughly  compared  with 

B.D    +25°656 

Berlin  A.G.C.          1185 

Measured     a«  (comet-star). 

1911  July  11      A,,  cos  o  144.0  (4 1 

Aug.     4     A«  cos  o  207.9  (3) 

On  July  11  the  comparison  star  was  roughly  compared 
with  two  similar  stars  for  identification.  Estimated 
magnitudes  of  all  these  stars  =  9i. 

Ill  s  '  " 

*!  -  comp.  *     \a  =  +0  43.85  (2  tr    A8  =  -2  53.8  (1) 
*„  -  comp.  *     \u  =     (I  32  70  (2tr)   A8=   -4     0.8  (1) 

On  July  25  the  comparison  star  was  compared  with 
Leiden  A.G.C.  1662. 

Comp.  *  -  Leiden  1662    A«  -    -  (P  19V33  (lOtr) 

AS  =  r  1'  1T".0     (2) 


<>n  August  1  the  comparison  star  was  compared  with 
B.D.  +  25°656  in  right  ascension. 

Comp.  *  -  25°656  A«  =  +0m  43".30  (4tr.) 
AS  =  +4'±    (estimate) 

I  am  indebted  to  Dr.  Louis  Lindsey  of  Syracuse,  N.Y., 
for  an  exact  ephemeris  of  the  comet,  which  aided  in  the 
identification  of  the  comparison  stars. 

The  very  diffused  nature  of  the  head  and  its  large  size 
made  it  difficult  to  secure  accurate  measures  of  the  cornel  - 
position 

Notes  with  the  40  inch  Telescope,  eti 
July    11.     Very    much    brighter    in    the    middle.     No 
nucleus  or  definite  condensation.     It  was  \'  or  }'  in  diam- 
eter. 
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In  the  40-inch  it 
A  soft  condensa- 


with    feeble    con- 
Apparently    much 


July  21.     Brighl    in  4-inch  finder. 
was  very  large  and  seemed  to  be  fainter 
tion  but  no  nucleus  or  tail. 

23.     Very    large   and   diffused 
densation    10"   or   20"   in    diameter. 
fainter  than  formerly. 

July  25.  Mr.  Sullivan  examined  it  with  the  12-inch 
at  1  !  30™  If  was  bright  and  had  a  faint,  narrow,  short 
tail. 

July  30.     Very  large,  faint  and  diffused.     No  nucleus 

Aug.   1.     Excessively  large  and  diffused.     Its  light  was 
very  soft.     V.v.  gradually  brighter  in  the  middle,  with  no 
dte  condensation. 

Aug.  4.  13h  20"'.  distinctly  visible  to  the  naked  eye  as 
a  faint  spot  of  light.  It  must  have  very  greatly  increased 
in  its  light  since  August  2d.  It  was  very  large  in  4-inch 
finder  — 10'  diameter.  Very  large  and  diffused  in  10- 
inch.  with  small  nucleus.  Later,  at  14b  45m,  in  40-inch 
very  large  and  diffused  with  no  condensation  hut  a  very 
faint  nucleus.  To  the  naked  eye  it  was  as  bright  as  a  star 
of  the  5^  magnitude. 

Notes  on  the  Comet  with  the  5-inch  Bruce  Guiding 

Telescope  and  the  Naked   Eye. 

July  7.  The  comet  looked  like  a  small  round  bright 
nebula  of  7th  or  8th  magnitude      Sky  thick  with  .smoke. 

July  8.  Bright,  small  and  very  strongly  condensed. 
Faint  traces  of  tail  north  preceding.  Sixth  or  seventh 
magnitude  with  possibly  a  nucleus.  Perhaps  faintly 
visible  to  the  naked  eye. 

July  26.  I  think  it  was  faintly  visible  to  the  naked 
eye. 


Aug.  2.     Could  probably  see  it  with  the  naked  i 
faint  spot.     Not  specially  bright,  with  no  tail  in  5-inch. 

Aug.  5.  Visible  to  naked  eye  as  an  ill-defined,  star 
Same  brightness  as  B.D.  +  19°578  south  of  it.  bul  mure 
noticeable  because  larger  than  the  star. 

Aug.  7.  Visible  to  naked  eve  as  a  small  hazy  star  of 
oh  magnitude.  It  was  not  specially  bright  in  the  5-inch 
even  after  moonset. 

The  list  of  dates  on  which  it  was  photographed  follows 

1911  July     7 

8 

26 

29 

Aug.      2 

5 

7 

Notes  on  the  Photographic  Appearani 

h       m 

1911  July    7.  Exposure  021.  Only  small  central  condensa- 
tion. 
8.  Exposure  ()  29.  Short  faint  tail. 
L'(i    Exposure  1  MO.  Faint  tail  4° or  5° long,  double 

after  |°  from  the  head. 
29.  Exposure  1  50.  Tail  about  4°  or  5°  long. 
Aug.  2.  Exposure  2  40.  Tail   about   3°  long,   pa 
into  the  Ph  lades. 
5.  Exposure  2  1(3.  Tail   4°  or  5°  long,  slender 

and  st  raight . 
7.  Exposure  2    0.  Faint  tail  2°  long. 

Moonlight  and  had  weather  prevented  other  photo- 
graphs of  the  comet . 

Yerkes  Observatory,  Williams  Bay,  Wise,  L912  Jun<  24. 
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1  "i   page  33  of  A.J.  629  the    position    of    the    vertex    of    preferential  motion  as  determined  by   Prof.   Lewis  Boss  was   given    as 

R.A.  =  6h  :;::'".  1  .  1  >ecl.  =  +9°.3.         This  should  read  :     R.A.  6"  15m.2         Deel.  =  +7°.0. 
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THE  CONSTANT  OF  ABERRATION, 


Bi   C.   L.   DOOLITTLE. 


The  latitude  work  at  the  Sayre  and  Flower  Observa- 
tories in  the  course  of  32  years  has  resulted  in  22  determina- 
tions of  the  constant  of  aberration  as  follows: 


Sayre  Observatory     -Zenith  Telescope. 


L889,  Dec.  1-1890,  Dec  16 
1892,  Oct.  10-  1893,  Dec  27 
1894,  Jan.  Ill-  Ism:,.  Aug.  19 


20.448±.0140 
20.552  ±.0092 
20.537  ±.0137 


Flower  Observatory—  Zenith  Telescope 


4  1896, 

5  1898, 

6  1900, 

7  1901, 

8  1903, 

9  1(K)4, 

10  *1904, 

11  1905, 

12  1906, 

13  1907, 

14  1908, 

15  1909, 

16  1910, 


Oct.  1 
Oct.  8 
May  5 
Oct.  3 
Jan.  22 
Jan.  24 
Jan.  24 
Jan.  22 
Jan.  29 
Jan.  20 
Jan.  25 
Jan.  26 
Jan.  10 


1898, 
1899, 

-1901, 
1902, 
1903, 
1904, 
1904, 
1905, 
1906, 
1907. 
1908, 
1909. 

■1911, 


Aug.  16 

Nov.  27 
Aug:.  30 
Dec.  1 
Dec.  7 
Nov.  30 
Nov.  19 
Nov.  25 
Dec.  3 
Dec.  2 
Dec  2 
Dec.  1 
June  X 


20.580± 
20.540  ± 
20.561  ± 

20.513  ± 
20.524  ± 
20.545  ± 
20.544  ± 
20.492  ± 

20.514  ± 
20.504± 
20.507  ± 
20.520  ± 
20.501  ± 


.0081 
.0103 
.0085 
.0089 
.0088 

.0079 

.0118 

,0077 
.0079 
.009.5 
.0102 
.0095 
007s 


No. 

of 

Obs. 

1345 

2900 
1989 


200.-) 
1503 
1957 
1935 
1554 
1492 
972 
1070 
1040 
1665 
1665 
1020 
2500 


Flower  Observatory  —  Wharton  Instrument. 


17  1905.  Jan.  22-1905.  Nov.  25 

18  1900,  Jan.  29-1900,  Dec  3 

19  1907.  Jan.  20-  1907,  Dec.  2 

20  190S,  Jan.  25 -190s,  Dec.  2 

21  1909,  Jan.  20-1910,  Mar.  23 

22  1910,  Apr.  27-1911.  June  8 


20. 450  ±.0103 
20. 4  73  ±.0097 
20  554 ±.0108 
20.541  ±.0108 
20.605  ±.0100 
20.572  ±.0097 


1349 
1381 

1447 
1416 
1710 

1 725 


A  glance  at  the  above  values  shows  that  if  we  judge  by 
the  computed  probable  errors  their  reliability  is  not  widely 
different.  For  the  mean  of  these  probable  errors  we  find 
".0096,  while  if  we  limit  ourselves  to  the  second  decimal 
the  value  will  be  the  same  for  all.    — 0",01.     We  should 

*  Zenith  stars. 


perhaps  be  justified  in  considering  them  equally  trust- 
worthy and  in  taking  the  simple  mean  of  all. 

It  is  to  be  noted  that  these  values  have  been  derived  at 
two  different  places,  with  what  are  practically  four  differ- 
ent instruments,  the  only  factor  common  to  all  being  the 
observer.  At  the  Sayre  Observatory  the  first  two  values 
were  derived  in  a  different  manner  from  the  third.  For 
details  see  Transactions  of  the  American  Philosophical 
Society.  Vol.  XX,  pages  147.  Mis  and  383. 

Before  beginning  the  series  of  1904  the  instrument  was 
practically  reconstructed.  The  aperture  was  increased 
from  4  to  51  inches.  A  number  of  changes  were  made  in 
the  observing  mom  and  an  entirely  new  list  of  stars  em- 
ploye, I . 

Taking  the  means  separately  for  these  four  subdivisions 
we  fin, I: 

II 

No.l  Sayre  Observatory  20.512 

2  Flower  Observatory,  1895-1903  20.544 

3  Flower  Observatory,  1904-1911  20.516 

4  Wharton  Instrument  20.532 

It  will  l>e  noted  that  the  range  is  much  smaller  in  No.  ■'< 
than  in  the  others,  which  may  indicate  a  greater  reliability. 
Taking  the  indiscriminate  mean  of  all  we  have 

20.526  ±    .0057 
and  for  the  probable  error  of  a  single  determination 

.0266 

Taking  .0096  as  the  probable  error  of  observation  we 
find  for  the  probable  error  due  to  other  causes 

.024.S 

There  seems,  however,  to  be  very  good  reason  why  the 
values  should  not  be  assigned  equal  weights. 
Let  us  take  these  up  in  order. 
(1)  should  perhaps  be  rejected  as  ii  is  nol   at  all  certain 
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in  this  case  that  the  aberration  was  entirely  separated 
from  the  latitude  variation.  It  has  been  retained  with 
the  vveighl    \. 

I    and  (3)  arc  considered  equally  good.     The  weight 
assigned  is  1. 

(4)  and  (5)  are  considered  less  reliable  than  the  values 
following.     The  weight  is  1. 

6),  (7       S     (10),  weight  2. 

The  remaining  zenith  telescope  determinations  have 
each  been  given  the  weight  3. 

The  results  from  the  Wharton  Instrument  are  not 
entitled  to  very  great  weight,  although  they  should  pro- 
bably not  be  rejected  altogether.  It  is  certain  that  some 
■  i  the  observations  are  affected  with  systematic  errors 
which  may  or  may  not  have  lieen  eliminated  from  the 
final  result. 

The  individual  values  with  the  adopted  weights  are  as 
follows: 


Weighl 


Weight 


1 

20.448 

0 

2 

20.552 

1 

3 

20.537 

1 

4 

20.580 

1 

5 

20.540 

1 

6 

20.561 

2 

7 

20.513 

2 

8 

20.524 

2 

(i 

20.545 

:: 

0 

20.544 

2 

1 

20.492 

3 

The  weighted  mean 


12 

20,514 

3 

13 

20.504 

:; 

14 

idol  17 

3 

15 

20.520 

'■') 

16 

20.501 

3 

17 

20.450 

0.5 

IN 

20.473 

0.5 

19 

20.554 

1 

20 

20.541 

1 

21 

20.605 

1 

22 

20.572 

1 

20.525   ±    .004:3 

The  corresponding  value  of  the  solar  parallax  is 


8.780. 


Upper  Darby,  Pa.,  Aug.  1912. 


MICROMETRIC    MEASURES   OF   THE   SATELLITES   OF    SATURN  IN 

YEARS   1910,   1911    AND   1912, 

By  E.  E.  BARNARD. 


THE 


The  following  observations  of  the  satellites  of  Saturn 
have  been  made  under  various  conditions  of  seeing. 
Though  the  seeing  was  often  had,  I  think  the  measures 
will  be  fairly  good. 

With  the  exception  of  Mimas  and  Enceladus  when  near 
the  ring,  these  satellites  are  all  easy  objects  with  the 
large  telescope.  Hyperion  is  faint,  and  under  poor  con- 
ditions rather  difficult.  It  is  the  faintest  of  the  first  eight 
satellites. 

In  the  observations  it  was  thought  best  nol  to  attempt 


to  refer  the  satellites  to  the  ball  of  Saturn.  The  measures 
were  therefore  made  with  respect  to  the  satellites  them- 
selves. In  the  case  of  Hyperion  there  is  some  uncertainty 
as  to  whether  thai  satellite  or  a  small  star  was  observed. 

The   times   given   throughout    this    paper   are   Central 
Standard    Time.   6h   0m   slow   of   Greenwich    .Mean   Time. 
The  column  "I'. A.  of  Wires"  gives  the  position-angles 
the   micrometer    wires    at    the    distance    measure-      The 
observations  arc  nol  corrected  for  refraction. 


1910     Aug.     9 


1910      Oct.     In' 


1910     Aug.     9 


Tut:  Measures  of  the  Satellites. 
Mimas  and  Enceladus. 


C.S.  Time 

P.A. 

Dist. 

Comps. 

P.A.  of  Wires 

Remark 

h       in       s 

15  38  35 
15  41   50 
15   44   15 

52.59 

* 

31.41 
30.56 

Tethys  and 

5 

4 
4 

Mimas. 

I4i.!>.; 

Seeing  poor. 

10  53  13 

10  56     li 
10  58  33 

38.37 

1 1  .SO 
11.46 

Dione  and 

5 

4 
4 

Mimas. 

128.5 

Seeing  good. 

15  29  27 
15  32  40 
15  34  50 

(i.S.  96 

22.53 
22.40 

5 

4 
4 

158.93 

Seeing  poor. 
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C.S.Time  P.A.  Dist.  Comps.     P.A.of  Wires  Remarks 

ll        in        s  o  "  o 

1910     Aug.  10  15   11      1  203.07  5  Faint  in  fog. 

15   15     6  18. 63  4  111.52 

15   17  39  


Oct.      7  13  37   11  241.91  5  Very  faint.     Seeing  bad. 

13  40  27  17.77  4  151.4 

13  43  21 


Oct.    30  11   37  44  80.99 

11    41  23  38.57  170.8 

11  43  48 


1911     Oct.    29  11    1145  111.91  5  Seeing  very  bad. 

11    15   17  50.S3  1  21.3 

11    IS   19 


1910     July    17  15  27   16  138.42 

15  30  23  Seeing  very  bad. 

15  33   17 


Sept.  10  13  56  56  !I4 .ill  5  Difficult. 

14      1    10  63.49  4  4.6 

1 4     4  35  .... 


Sept.  27  12  24   14  206.45 

12  27  42  16.5 

12  30   15  


1911      Oct.    27  13     8   19  3  72 

13  11    10  26.59 

13   13  25 


1910     Julv   26  15  37     6  100.34 

15  40   18  

15  43   10 


Oct.    30  10  37   12  280.03 

10  41     9  

10  43  28 


18.63 
18.65 

4 

4 

17.77 
17.98 

5 

4 
4 

38.57 
38.03 

5 

4 

4 

50.83 
51.72 

5 

1 
4 

Rhea    wi> 

Mimas. 

29.49 
.      29.75 

5 

4 
4 

63.49 
64.22 

5 

4 
4 

21.63 
21.64 

5 

4 
4 

57.14 
57.20 

5 

4 
4 

26.59 
26.26 

5 
4 
4 

Tethys  and 

Enceladus 

27.49 
27.32 

5 
4 
4 

024 
6.27 

5 
4 
4 

14.63 
14.65 

5 
4 

4 

59.91 

60.08 

5 
5 
5 

12.55 
12.51 

6 
4 
4 

5 

Oct.      '.I  11    18  49  288.11 

11   22  25  57.14  4  18.0  Images  breaking  badly. 

1 1   25  35 


Aug.  16  14     3  16  221.01  5  Faint  in  fog 

14     6  55  6.24  4  130.5 

14     9   14  


Sept.  25  13     8  28  101.91  5  Seeing  very  bad 

13   11   52  14.63  4  12.3 

13   14   18 


Oct.    23  10  46  22  105.03  5  ?  if  Enceladus. 

10  51      1  59.91  5  15.0  Excessively  bad  seeing. 

10  54  23  


Nov.  24  9  45  35  256.4s 

9  49   10  9.35  4  166.5 

9  51   56  9.56  4 
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Nov.  29 


1  *>1 1     Jan. 


Jan.      S 


i  u  a         15 


(   s.  Time 

h       mi       s 

10  5  (I 
10  7  58 
10  10     8 

10  29  S 
10  32  20 
10  34  23 

9  34     1 

9  37   4s 

11    4(1   34 

16  16  43 
16  19  46 
16  20  35 


PA. 

31  l  hi, 


112.84 


273.68 


121.41 


Dist. 

( 'omps. 

P.A.Of  Vl   : 

] 

1  32 
4.54 

5 

4 
4 

12.9 

7.34 
7.45 

5 

4 
4 

202.6 

St    ing  fai 

12.S7 

i:;  16 

5 
4 

I 

184.1 

Enceladuf 

12  87 
13.03 

5 

4 

4 

31.6 

Seeing  1 

Remarks 


Diont    ami   Enceladus. 


L910     Oct.     9 


Oct.    16 


Oct.    23 


Nov.      1 


Nov.  11 


1911     Aug.  29 


Sept.    1 


Sept. 


Dec     19 


L912     Jan.    30 


1910     Oct.      7 


12  52  2 
12  56  2 
12  58  27 

11  1  37 
11  5  43 
11      8    45 

10  58  51 

11  1  53 
11     4     8 

11  26     6 

11  29  47 
11   32  41 

11  39  25 

11  42  28 
11   45     0 

15  9  19 
15  13  57 

15  17   is 

15  5  38 
15     8     8 

15  24  36 
15  27  14 
15  29  25 

8  17  14 
8  21  9 
8  23  55 

7  17  38 
7  20  25 
7  22    19 


13  20  12 
13  24  52 
13  27    13 


279.77 


107. v.i 


283.14 


245.03 


Ut>  •  i 


244.  Of. 


198.35 
238.62 


242.67 


136.07 


SUM 


24.86 
24.61 

4 
4 

73.89 
74  13 

5 
4 
5 

20.37 
20.26 

5 
4 
4 

is  12 

Is  IIS 

5 

4 
-1 

26.01 

25.47 

5 

4 
4 

5 

20.33 
20.64 


28  16 


25.04 
24.35 

.i 
4 
4 

13  is 
12  si 

5 

1 
4 

13.42 
13  38 

5 
4 

4 

wi>  Ena 

lad 

63  39 
63.06 

5 
4 

4 

I! 


ls.ll 


13.3 


155.0 


185.6 


152.6 


1  I  IS  I  I 


l  18.3 


152.4 


226.3 


171.4 


[mages  breaking  badlv 


.     it  .0(1. 


?  if  D 

?  if  Ena  ladus. 

Seeing  excessively  bad. 

-  velv  bad. 


Seeing  fair. 


Seeing  excessiveb 


Satellites  well  seen. 


V.  faint  and  difficult.      - 
bad. 


Seeing  fair. 


Seeing  Kail. 
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1911     Sept.  19 


'-'7 


1912     Feb.    19 


Mar 


1U10     Dec.    13 


19  In     July   -'4 


Aug.     2 


Aug.     9 


5 


Sept.  27 


(  >(•!  . 


16 


Nov.      1 


Nov.  24 


Dec.   20 


C.S 

■v  Time 

1 

i   n 

1    S 

15 

43 

23 

15 

40 

50 

15 

4s 

19 

13 

17 

27 

13 

20 

16 

13 

22 

54 

6 

55 

39 

6 

58 

11 

/ 

0 

1(1 

7 

3 

44 

7 

6 

26 

i 

8 

41 

/ 

52 

20 

7 

.->."> 

47 

7 

59 

42 

15 

27 

13 

15 

30 

19 

15 

33 

3 

15 

12 

is 

15 

15 

2 

15 

17 

37 

15 

1 

•_> 

15 

6 

15 

in 

0 

13 

17 

33 

13 

20 

38 

13 

23 

1 

12 

1 

5 

12 

I 

51 

12 

10 

56 

13 

t 

3 

13 

Id 

41 

13 

13 

27 

11 

12 

21 

11 

15 

26 

11 

17 

52 

11 

15 

54 

11 

19 

21 

11 

21 

47 

9 

15 

13 

9 

19 

10 

9 

22 

10 

8 

48 

44 

8 

51 

45 

8 

53 

51 

P.A. 


24.95 


24(1.22 


122.92 


151.97 


24.65 


244.35 


289  35 


130  l  I 


201.93 


157.53 


Ki7.nl 


86.31 


Dist. 


41.19 

41.27 


48.42 

4s:;n 


32.27 


00.51 
60  81 


(Omps.     P.A.  of  Wires 
o 

5  .... 

4 


Remarks 
Seeing  poor. 


o 

4 
4 

5 

4 
1 

5 

4 
4 


Titan   and  Enceladus. 

5 

53.06  4 

52.82  4 

Diom    \\i>   Teth 
5 


182  25 


33.18 


13.81 
13.24 


27.29 
27.69 


45.21 
15.41 


19.19 
19.27 


22  8  I 


24.18 

24.41 


36  37 
36.30 


56.40 
56.36 


9.65 


4 
4 

5 
4 
4 

6 

1 

4 

5 

4 
4 

5 
5 
5 

5 

4 
4 

5 

4 
4 

5 
4 

4 

5 
4 

4 

5 
4 

4 


11  t  s 


156.5 


32.9 


242  0 


1  1  1.9 


154.3 


19.3 


40.0 


111.4 


66.5 


17.0 


156.0 


272.:-; 


Seeing  fair. 


'.'  if  Ena-ladus 
ng  fair. 


Very  difficult  from  bad  seeing 
ami  moonlight. 


Seeing  very  poor. 


ssively     bad.     In 

clouds. 


Seeing  poor. 


Seeing  very  bad. 


Seeing  bad. 


Seeing  fair. 


Seeing  excessivelv  bad. 


Seeing  bad. 
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c..- 

!.  Time 

PA. 

Dist. 

Comps. 

P. A.  of  Wires 

Remarks 

1911     Jan. 

8 

b 

9 
9 

'.i 

m 

43 
46 
18 

S 

31 
22 
38 

272.58 

it 

14.63 
14.64 

5 
4 

4 

1S2.6 

Jan. 

10 

7 
7 

47 
51 
55 

7 
2 
4 

54.32 

39.57 
3S.12 

5 
4 
4 

144.5 

Through  clouds. 
Bad  seeing. 

Aug. 

15 

16 

16 
16 

8 
11 
13 

5  s 
36 
51 

267.71 

22.48 
22.36 

5 
4 
4 

177.6 

Seeing  bad 

Aug. 

29 

15 
15 
15 

(1 
2 

5 

2 
52 
16 

240.22 

60.45 
60.22 

5 
4 
4 

150.1 

Sept. 

3 

15 
15 
15 

15 
18 
21 

16 
46 
11 

279.85 

50.18 
50.07 

5 
4 

4 

9.8 

Satellites  well  seen. 

Oct. 

3 

13 
13 
13 

34 
37 

3d 

43 
28 
39 

296.19 

22.27 
22.47 

5 

4 

4 

26.0 

Oct. 

20 

14 
14 
14 

35 
39 

41 

47 

3 

24 

115.16 

27.82 

27.SS 

5 

4 
4 

25  1 

Oct. 

29 

10 
10 
10 

50 
56 
59 

50 
6 
7 

105.94 

SO.  64 
80.43 

5 
4 
4 

16,3 

Seeing  very  bad. 

1912     Feb. 

3 

7 
7 
7 

25 
29 
31 

32 
29 

48 

0.73 

26,52 
26.01 

5 
4 
4 

90.5 

Seeing  excessively  bad.     Tem- 
perature — 9°. 

Feb. 

19 

7 
7 
7 

2 
5 

7 

45 
41 
44 

124, S3 

20. 2S 
20.36 

5 

4 
4 

34.5 

Seeing  fair. 

Mar. 

4 

7 
7 
7 

5 

9 

12 

55 

31 

6 

56.28 

31.40 
31,52 

Rhea  and 

5 

5 

4 

Tethys. 

147.1 

Seeing  very  bad. 

1910     July 

17 

15 
15 

15 

36 
3!) 
41 

49 
23 
38 

152.62 

20.16 

20.24 

4 

4 
4 

63.0 

Seeing  very  bad. 

Sept. 

10 

13 
13 
13 

36 
39 
41 

50 
58 
26 

95.73 

44.24 
44.05 

5 
4 
4 

5.6 

Difficult. 

Sept. 

25 

13 
13 
13 

26 
28 

31 

3 
52 

s 

279.88 

98.06 
98,38 

5 
4 
4 

9.8 

Seeing  very  bad. 

Oct. 

2 

11 
11 
11 

46 
49 
53 

24 
24 

32 

93.03 

77.19 
76.83 

5 
4 
6 

L82  8 

Seeing  excessively  bad.     Very 
difficult. 
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C.S.Time 

P.  A. 

Dist. 

Comps.     P. A.  of  Wires 

Remarks 

1910     Oct.      9 

h       ir 

11   44 
11    47 

1  1    -,i) 

1          3 

21 
13 
13 

277.li!! 

If 

37.69 
37.85 

5 
4 

4 

O 

L96.0 

Images  breaking  badly. 

Nov.     1 

1 1     5 
11     9 

1111 

46 
25 
59 

276.05 

46.29 

46.22 

5 
4 

4 

196.0 

Seeing  excessively  bad. 

Nov.  11 

11  30 
11  34 
11  36 

36 

13 

2 

250.36 

47.1  IS 
46.95 

5 
4 
4 

100.1 

Seeing  fair. 

Nov.  29 

10  22 

10  25 
10  28 

34 
53 

45 

142.26 

37.99 
38.16 

5 
4 
4 

52.2 

Dec.    13 

s  24 
8  27 
8  30 

18 

1!' 

58 

121.31 

19.01 
18.89 

5 
5 
5 

211.0 

\  ery  difficult.    Bad  seeing, 
moonlight. 

and 

Dec.  20 

s     1(1 

8  43 

8  4.1 

40 
49 
56 

:  140. 00 

IS. 76 

19.0S 

5 

4 
4 

25S.S 

Seeing  very  bad. 

1911     Jan.    10 

8  49 

8  53 
s  56 

35 
is 
35 

Sfi.lil 

112.62 
112.48 

5 

5 
5 

176.5 

Seeing  very  bad. 

Aug.  15 

16  24 
16  27 
16  29 

18 
10 
36 

74.(12 

96.79 
96.39 

5 
4 
4 

164.0 

Seeing  bail. 

Aug.  20 

15  46 
15    19 
15  52 

5  s 

56 

ll 

80.21 

66.32 

66.22 

5 
4 

4 

170.7 

A,ug.  29 

14  51 
14  54 
14  56 

54 
57 
52 

33.10 

20.06 
20.26 

5 
4 
4 

122.6 

Sept.     1 

14  53 

14  57 
14  59 

31 

5 
55 

105.69 

54.51 
53.79 

5 
5 
5 

15.7 

Seeing  excessively  bad. 

Sept.  19 

15  33 
15  36 
15  39 

7 
56 
34 

166.58 

48.26 
48.62 

5 
4 
4 

76.2 

Seeing  poor. 

Oct.      3 

13  25 
13  28 
13  31 

21 

4s 
37 

97.01 

105.40 
104.94 

5 
4 
4 

L87.0 

Oct.    20 

14  27 

14  30 
14  32 

21 

24 
45 

221.62 

20.57 
20.47 

5 
4 

4 

131.6 

Faint  in  clouds. 

Oct.    27 

12  58 

13  2 
13     5 

51 
34 
20 

7M.52 

47.37 
47.04 

5 
4 
4 

163.S 

Dec.    19 

7  52 
7  56 
7  59 

10 
37 
42 

117.96 

77.37 

77.07 

5 
4 
4 

27.0 

Seeing  bad. 
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1912     Jan.    30 


Feb.    in 


Mar.     4 


Mar.     9 


c. 

3.  Time 

m      s 

1 

25 

31 

7 

28 

23 

7 

30 

58 

(i 

17 

2 

6 

.-,11 

0 

6 

52 

1!) 

7 

14 

11 

t 

16 

56 

i 

1!) 

0 

6 

55 

41) 

6 

58 

(i 

7 

0 

(i 

l'.A. 
o 

72  58 

248.54 


147.53 


187.20 


Dist. 


84.20 
83.74 


93.50 
93.00 


31.70 
31.50 


37.23 
37.17 


Comps.     P.  \.  of  \\  ires 

o 

L62.3 


Remarks 


5 
4 

4 


4 
4 

4 
4 
4 

5 

4 
4 


L5S.5 


57.6 


97.4 


Seeing  fair. 


Seeing  fair. 


Seeing  very  bad. 


Seeing  fair. 


1910     Sept.  25 


Oct.     is 


1911     Oct.    29 


1912     Jan.    30 


13 

34 

54 

13 

37 

51 

13 

40 

■2 

11 

23 

34 

11 

26 

44 

11 

31 

21 

11 

2 

24 

11 

5 

47 

11 

8 

25 

7 

34 

12 

7 

37 

31 

i 

40 

5 

175.43 


335.13 


150.26 


24(1.75 


Titan   and   Tethys. 
5 


61.31 
61.22 


51.18 

51.32 


100.59 
101.22 


110.92 
109.86 


4 

4 

5 

4 
1 

5 

4 
4 


S5.3 


34.0 


60.3 


L56.8 


Seeing  very  bad.     Faint  in  fog. 


Seeing  very  bad. 

Saturn  close  to  full  moon. 


Seeing  very  bad. 


Seeing  fair. 


1910     Oct.    30 


Nov.  11 


11  9  21 
11  13  32 

11  16  48 

12  2  31 
12  6  12 
12     9  44 


86.37 


225.29 


Tethys  and  Hyperion. 


102. OS 
103.45 


98.27 
98. 18 


o 

4 
4 

5 
4 

4 


176.3 


135.1 


Seeing  fair 


On  1910  October  30,  the  object 
/'<  rion  was  one  of  several  faint 
measures  were  made  of  these  with  t 


supposed  to  be  //</- 
stars.  Approximate 
tie  intent  ion  of  again 


examining  them  to  see  which  one  was  Hypi  rion.  Follow- 
ing are  the  measures.  The  one  marked  "  H  "  was  measured 
with  reference  to  Tethys,  and  was  supposed  to  be  Hyperion. 


A  (13m.6)   and  B  (15"'.l. 


1910     Oct.    30 


Oct.    30 


Oofc.    30 


11   23  30 
11   20     3 


11   28  38 
11  30  13 


II   32     (i 
11   33  53 


201.37 


102.04 


14.66 


A  and  H  (13m.6). 
2 
53.13  2 

ii   wi)  i;  (i3m.4). 

'_) 
66.69  2 


111.3 


l  I  8 


I  17  s 
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1010  Julv  17 


July  26 


Aug.  2 


Am 


Sept.  10 


3i 


Oct.   2 


Oct. 


Oct.   9 


Oct.  16 


Oct.  In 


Oct.  23 


Oct.  30 


Nov.  11 


Nov  24 


( !.S.  Time 
h   111   s 

15  47  4(1 

15  50  45 

1")  54   7 

15  23  14 

15  26  4.'. 

15  29  9 

15  3  5 

15  6  30 

15  9  3 

15  13  17 

15  16  54 

15  19  55 

13  45  12 

13  49  43 

13  52  56 

12  14  26 

12  17  38 

12  20  23 

11  3o  54 

11  39  28 

11  42  20 

13  50  .Mt 
13  53  52 
13  56  4:; 

11  53  55 

11  56  4s 

11  59  17 

11  20  51 

11  23  51 

11  26  42 

11  32  -Mi 

11  36  23 

11  39  4 

11  8  14 

ii  12  .; 

11  14  43 

10  26  14 

10  29  40 

10  32  6 

11  22  15 
11  25  32 
11  27  52 

(I  25  50 

9  29  14 

9  32  2' 1 


P.  A. 

''1  l'.i 

202  32 


AND  Dio 

Dist.  Cnmps.     P.A.  of  Wires 


331.31 


120.61 


74.25 


246.39 


89  In 


83  83 


263  7n 


NX 


307.71 


250.48 


53.2; 


130.77 


25S.6S 


71.16 
70.81 

5 

4 
4 

17.57 
1 7.75 

■") 
4 
4 

19.72 
19.64 

5 

4 
4 

33.10 
33  07 

5 

4 
4 

81.67 
81.57 

•"1 

4 
4 

48.70 

In  52 

■") 
4 
4 

.".4  99 
5  1.75 

5 

4 
4 

129  89 
129  53 

5 

4 
4 

48.91 

In  57 

5 

4 

40.48 

5 
5 
5 

40.71 

41.22 

•") 
4 
4 

30.03 
29.96 

5 

4 
4 

19.83 
19.90 

5 

4 
4 

55.88 
55.74 

•5 

4 
4 

119.12 

118.67 

5 
4 
5 

1.0 


112.1 


61.3 


29.9 


164.1 


156.5 


L78.8 


173.4 


174.0 


167.5 


37.9 


150.5 


142.8 


40.6 


68.7 


Remarks 


Seeing  very  bad. 


ag   very   had.       Satellites 
faint. 


-      ag     excessively    bad.     In 

clouds. 


Seeing  poor. 


Difficult. 


Seeing  excessively  bad.     Very 

difficult. 


Seems  very  bad. 


Images  breaking  badly. 


Seein«'  fair. 


Seeing  very  bad. 


?  if  Rhea. 

?  if  Dione. 

Seeing  excessively  bad. 


Seeing  fair. 
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C.S.Time                    P.A.  Dist.  Comps.  P.  A.  of  Wires  Remarks 

h       in       s                           o  n  ° 

1910     Nov    29  10  32  55  257.23  5 

10  35  53  77.81             4  166.9 

10  38  26  77.02             4               


IV,.     1]  9   16     7  275.63  5  .  ....  Very  difficult  from  bad  seeing. 

0  19  58  29.92  5  L85.6 

0  23  40  29.61  5  


Dec.   13               8   14  43             232.99                                   5  Very    difficult.     Bad    seeing 

s    18     9                                       41.66             4              143.0  and  moonlight. 

8  2(1  3s  ....  41.67  4  


1911     Jan.     3  10  38  19  284.76  5  Seeing  fair. 

10  41  23  82.66  4  1  1.6 

10  44   14  83  28  4  


Jan.      8  0  51  26  262.04  6 

9  54  26  20.28  4  172.1 

9  56  38  20.10  4 


Aim.  20  15  35  16  79.52  5 

15  39  37                                     101.31             4              L69  2 
15  42  56  101.85  4  


Sepl      1             14  46  19  156.34  5  ...                 Seeing  very  bad. 

14  48  55  9.37  4  66.0 

14  50  52  9.32  4 

Sept     3             15  6     2               56.26              5  Satellites  well  seen. 

15  9     6  69.29  4  146.3 

15  12  24  69.43  4  ... 

Sept    19              15  22   14  120.83  5                                     Seeing  poor. 

15  26  24  83.37  4  31.2 

1.-,  29  25               83.85  4  


Oct     27  12  51     3  78.40  5 

12  53  44  34.43  4  L68  8 

12  r>r,  ;,7  ....  34.89  4 


Dec     19                S  3  27  95.51  5                Seeing  bad. 

8  7  38              124.54  4  185.4 

8  8     1  124.29  4  ... 

1912     Jan.    30               7  7     9  350.40               5  Seeing  fair. 

7  11   17              38.79  4  260  3 


I 


14   12  38.73  4 


■pe\,      3  7   14   13  92  47  5  Seeing  excessively  bad. 

7   17  54  .....  107.43  4  2.5 


7  21    14  107.57  4 


Mar      9  6  47  21  203.31  5  Seeing  fair. 

6  50     6  43.17  4               113.4 

6  52  26  43.20  4 

Titan  and  Dione. 

1910     Aug    16              14  44   12  343.5s  5                                     Faint  in  fog. 

14  48  26  73.19  5  73.5 

14  52  18  .  .  73.59 
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C.S.  Time 

FA. 

Dist. 

I  '(imps, 

P.A.  of  Wires 

Remarks 

1910 

Nov.  29 

ll        111       s 

lit  42  39 
10  45  56 

10  48  56 

113.04 

It 

85.75 
86.15 

5 
4 
4 

O 

22.9 

1911 

Aug.  20 

16     7  53 
16   10     8 
16   13  26 

287.53 

L06.80 

107.10 

5 
4 
4 

197.7 

1912 

Feb.    19 

7   10   14 
7   13     0 
7   15   17 

I2:i.s7 

94.60 

94.63 

Dione  and 

5 
4 
4 

Hyperion 

33.5 

Seeing  fair. 

1912 

Jan.    30 

8     0     7 
8     4  56 
8     9  10 

254.93 

173.74 

172.72 

Rhea  and 

5 
4 
4 

Titan. 

165.3 

Veryjdifficult. 

1910 

Aug.   16 

1  1  56   12 

14  59  24 

15  2     9 

202.45 

60.05 
60.56 

5 
4 
4 

112.5 

Faint  in  fog. 

Sept.  10 

14   in  33 
14   14   24 
14   17   15 

326.77 

60.69 
61.06 

5 
4 

4 

56.6 

Difficult. 

Oct.      2 

11   24  41 
11   27  56 
11   30  35 

145.25 

95.22 

95.71 

5 
4 
4 

54.8 

?  if  Titan  or  a  star.  Seeing 
excessively  bad.  Very  diffi- 
cult. 

( >c1 .     9 

13    2  50 
13     6     1 
13     8  33 

11.50 

63.41 
63.16 

5 

4 
4 

104.0 

Images  breaking  badly. 

Oct.    18 

11   42   17 
11   45   15 
11   47  57 

238.95 

90.17 

90.59 

5 
4 
4 

148.9 

Seeing  very  bad. 

Oct.    23 

11    18   11 
11   21     2 
11  23  58 

83.30 

112.82 

112.31 

5 
4 
4 

173.2 

Seeingexcessively  bad. 

Oct.    30 

10  49   12 
10  52  30 
10  55  24 

276.40 

121.28 
120.81 

5 
4 
4 

1S6.3 

Nov.  11 

11   12  36 
11   16  23 

11    19     6 

7.74 

31.S2 
31.95 

5 
4 

4 

97.6 

Seeing  fair. 

Nov.  24 

10  13     5 

10   16  25 
10  19  19 

87.74 

123.93 
124.16 

5 
5 
4 

177.7 

• 

Dec.    11 

9  27  51 
9  31     8 
9  33  47 

57.74 

99.83 
99.33 

5 

4 
4 

147.6 

Seeing  bad. 

Dec.    13 

8     4   10 
8     8  28 
8  11   37 

45.24 

4.3.21 
43.45 

6 
4 
4 

135.5 

Very  difficult.  Bad  seeing  and 
moonlight. 

126  THE     AS 

P.A. 

o 

L910     Dec.   20  S  57  40  254.05 


1911     Jan.      8  9  59  26  117.86 


Aug.  15  16  33   14  248.28 


Sept.  1      15  26  58     219.38 

15  30  17 

15  32  48 

Sept.  3      14  55  46      134.19 

14  59  29 

15  2  25 

Sept.  19  15  52  25  144.40 


C.S.  rime 

h 

in 

8 

s 

•  ii 

40 

9 

1 

15 

9 

4 

42 

'.» 

59 

26 

10 

3 

i:^ 

10 

6 

41 

16 

33 

14 

16 

36 

1 

16 

38 

13 

15 

26 

58 

15 

30 

17 

15 

32 

is 

14 

55 

46 

14 

59 

29 

15 

2 

25 

15 

52 

25 

15 

55 

56 

15 

58 

38 

13 

43 

2 

13 

46 

4 

13 

48 

48 

14 

44 

39 

14 

47 

40 

14 

50 

23 

11 

23 

45 

11 

27 

3 

11 

29 

46 

8 

27 

34 

8 

31 

1 

8 

33 

32 

6 

58 

51 

7 

2 

22 

7 

6 

49 

7 

21 

36 

7 

24 

36 

7 

27 

3 

i 

11 

10 

i 

14 

40 

~ 

17 

42 

Oct.      3  13  43     2  205.20 


Oct.    20  14  44  39  214.05 


Oct.    29  11  23  45  295  70 


Dec.    19  8  27   34  202.99 


1912     Feb.     3  6  58  51  322.73 


Mar.     4  7  21   36  345.77 


Mar.     9  7   11   10  248.94 


NOMK 

]AL     J 

OURNAL. 

N°8  639-64  0 

Dist. 

( lomps. 

I'.A.  nf  Wires 

Remarks 

109.83 
110.12 

5 
5 
5 

164.1 

Very  bad  sec, 

89.17 
89.06 

5 

4 
5 

208.1 

81.55 
81.96 

5 

4 

4 

158.1 

Seeing  bad. 

116.15 

116.10 

5 

4 
4 

129.0 

Faint.   Seeing  excessively  bad. 
Frequently  lost  in  clouds. 

56.44 
56.29 

5 
4 

4 

44.3 

Satellites  well  seen. 

124.39 
L24.57 

5 

4 
4 

54.2 

Seeing  poor. 

95.77 

95.08 

5 

4 

4 

115.0 

123.61 

123.02 

1 

4 
4 

124.1 

Clouds. 

111.84 

1 1 1 .30 

5 
4 
4 

25  8 

Seeing  very  bad. 

129.00 
128.73 

5 
4 

1 

172.9 

Seeing  bad. 

72.07 
71.76 

5 

4 
4 

232.5 

Seeing  excessively  bad. 

37.35 

37.27 

5 
5 

4 

70.1 

Seeing  very  bad. 

144.27 
143.37 

5 

4 
4 

158.9 

Seeing  poor. 

Rhea    usid  Hyperion. 

1910     Nov      1  11  36  33  52.10  5  Excessively  bad  seeing. 

11    40   40  73.31  4  142.3 

11    42  59  73.45  5  


\,c    24  10     0  3(i  314.24  5  Hyperion  very  faint. 

10     4  50                .       .                  63.03              4                44.0 
Id     7   29  63.00  4  
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L910     Nov.  29 


Dec.   20 


Kill      Dec.    19 


1912     Feb.    19 


( I.S.  Time 
h         i»       s 

in  57  23 

11  1    16 

11  4  22 

9  14  -49 

9  is    Is 

9  22  50 

8  17    14 

8  :.ii  49 

s  53  29 

7  20   10 

7  23     7 

i  25   ->( 


Titan    \xn  Hypi  rion. 
P.A. 
243.39 


2S7  05 


207.59 


243.89 


Dist. 

( lomps. 

P.  ^..of  Wires 

tl 

5 

o 

97.23 

4 

152.9 

97.87 

4 
5 

177.17 

4 

17.3 

175.97 

4 
5 

51  28 

4 

117.6 

52  36 

4 
5 

112.76 

4 

153.5 

113.16 

4 

Remarks 

A   16m  star  10"— 15"  north  of 
Hyperion. 


Seeing  very  bad 


Seeing  bad 


A  much  fainter  star  k'   follow- 
in,""  Hyperion.     Seeing  fair. 


In  a  few  cases  the  satellites  were  perhaps  referred  to  stars.     These  measures  follow: 

Titan  and  Japetus  I 


L910     Nov.     1 


11  4s  20 
11  51  23 
11  54     5 


L29.44 


59  95 
59.46 


39.3 


Seeing  excessively  bad. 


1910     Nov.  29 


10  13  57 
10  17  32 
10   19  56 


Tethys   \m>    \  Stab 


18.02 


43.40 
43.42 


1O7.0 


Diom    wt)  St  \u  (?  . 


loio     Nov.  24 


loin     Oct.    16 


Oct.    30 


1910     Oct.    16 


Dec.  20 


9  35  42 
9  38  33 
9  49  12 


11  30   12 

11  33   12 

11  35     •") 

11  48  59 

11  52   14 

11  54  38 


11  37  54 
11  40  59 
11  43  33 

9  28  12 
9  33  10 


119.30 


ISO. 13 


221.97 


SO.  13 


20.1. 10 


84.71 
85  06 

0 

4 
4 

Rhea  and 

M  u;   (?) 

43.17 

43.20 

5 

4 

4 

45.84 
45.65 

5 

4 
4 

Titan   and 

Star  (?). 

50.70 
51.21 

5 
4 

4 

215.18 

5 
5 

20.0 


99.0 


131.8 


179.0 


205.3 


Seeing  bat 


Star  =14  mag. 


Seeing  bad. 


Star    =  14m.5    very    faint    and 
difficult. 


Saturn  and   15   Mag.  Star   South. 

rt  in       3  " 

1910     Oct.      9  11   35     2  Aa  cos  8  20 . 1 N  (2  With  fol.  limb  of  Saturn.     Star  preceding. 

11  38  17  AS  51.69  (2)         Referred  to  center  of  Saturn.     Star  south. 

12  3  22  A«  cos  8  12.9S  (2) 
12   45  20              A,<  cos  8  8.05  (2) 
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Estimated  .Magnitudes  of  the  Satellites. 


Date 
1910     July 


Au< 


1912 


17 
24 
26 

2 
16 


Sept.  10 
25 


Oct. 


2 

7 

9 

16 

23 

30 


Nov.  1 
11 
24 
29 


Dec. 


1911     Jan. 


Au{ 


Sept . 


Oct. 


Dec. 
Jan. 
Feb. 

Mar. 


11 
13 

20 

3 

8 
10 

15 
29 

1 

3 
19 

3 
20 

27 
29 

19 

30 

3 
19 

4 

9 


Mima*       Enceladus     Tcthys 

14  11.6 

13.2 
14     13 


14. 5 

15 

14 


14.1 
14 


13.6 

14 
13 


14 
13 

14 
13 
13 


14 
14 
14 
13.7 

14 

14 
13.9 

14 
14 

14 
13 
14 


13.8 

14.5 
13* 

13 

13* 


13 
12.5 

13 
13 

12.7 

14 

12.9 

12.5 

12.6 

13 

12 

13 
12.7 
13.2 
12.3 


13. 
12. 


12.7 
12.7 
12.5 

12.3 

12.3 

13 

12.2 

12.9 

12.4 
12} 
12| 
1.3.5 

13 

m 

12* 

12.S 

12* 
12.1 


Diane 

13.2 

12.3 

13 
12.7 

13.4 
13.6 
12.7 

14 

12.8 

12.6 

12.6 

12.5 

12.7 

13.7 

12 

12.9 

12.5 

11.2 

12.2 

13 

12.5 

13 

12 
13 

13* 

12 

12.7 

12.3 
12* 
12* 
13 

12 

12* 

12', 
12.8 

13* 
12.5 


Rhea 

11 
12 
11.5 

13 
12 

12 
12 
12 

12 

12.1 

12 

12 

10 

12 

11.6 
12.2 
12 
12.1 

12 
12* 

12 

12 

12 

12 

11 
11.8 

12 

12 
12 

12 

12 
12 
12 

12 

12* 

12 
1 1  * 

12*. 
12 


Titan     Hyperion 
9.5 

10 
10 

12 

9! 


9.7 
9.3 


3.9 
5.3 

5.0 


13.8 


14.3 


D.  and  7\  =  br.     Perhaps  D.  slightly 
the  fainter. 


Mags,  uncertain  from  bad  conditions 

Star  measured  =  12"'. 8. 

Japetus  14m. 
Japetus  (?)  12m.5. 

Star  measured  =  13m. 
Star  measured  =  12m. 


Eclipse  of  Tethys,  1908  September  4. 
From  the  low  position  of  the  planet  and  poor  seeing, 
the  time  of  disappearance  of  Tethys  was  somewhat  un- 
certain. The  following,  however,  may  be  important  in 
indicating  how  long  the  disappearance  was  delayed.  A 
number  of  intermediate  times  are  omitted  for  the  sake  of 
brevity. 

d  h       m       s 

Sept.  4         10     5     5         Bright,  seeing  very  poor. 
9     5         Bright. 


Sept,  4    10 


10  35 
12  55 

14  45 

15  5 

15  30 

16  5 


Still  visible. 


Cannot  see  it. 

Still  visible  but  faint. 

Cannot  see  it. 


Though  watched  for,  it  was  not  seen  after  10"  15m  30' 
but  the  planet  was  low  and  the  seeing  poor. 
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NOTES   ON    THE    PLANET   AND    ITS    RINGS. 


1910  Oct.    30. 


Nov.  11. 


1911  Sept.     3. 


(  let . 


At  llh45m  the  north  edge  of  the  ring,  where  it 
crossed  the  ball,  seemed  to  be  bordered  with  a 
very  fine  thread  of  black.  Perhaps  this  was  the 
shadow  of  the  rings  Bhowing  from  behind  the 
trace  of  the  rings. 

The  shadow  of  the  ring  on  the  ball  to  the  north 
was  very  thin.  The  shadow  of  the  ball  on  the  ring 
was  visible  on  both  sides  of  the  ball,  but  was  more 
marked  following.  The  crape  ring  was  bright  and 
well  defined  on  its  inner  edge. 

The  slightest  bit  of  the  ball  was  seen  projecting 
from  the  ring  at  its  northern  side. 

There  was  just  the  slightest  bit  of  the  ball  extend- 
ing beyond  the   rings    to   the    north.     Where   the 


crape  ring  crossed  the  ball,  the  ball  was  visible 
through  it  easily.  No  divisions  were  seen  in  the 
rings  except   the  well  known  ones. 

1012  Jan.  24.  Examined  Saturn  with  the  12-inch  telescope  and 
high  power.  In  clouds,  but  seeing  good.  Nothing 
abnormal  seen  about  the  rings. 

Jan.  30,  7h  30'".  Nothing  abnormal  seen  about  the  rings. 
The  crape  ring  was  rather  faint  from  moonlight 

Mar.  9,  7h  20m.  There  was  a  star  53'  following  and  1'  north 
of  Saturn  which  was  $  magnitude  brighter  than 
Titan. 


Yerkes  Observatory,  Williams  Bay,  Wise,  1912  July  23. 


THE   -qAQUARID  METEORS, 

By  CHARLES   P.  OLIVIER. 


In  the  publications  of  the  Astronomical  Society  of  the 
Pacific,  of  June.  1910,  and  later  in  the  Transactions  of  the 
Ana/icon  Philosophical  Society,  Vol.  XXII.  Part  I,  I 
published  the  data  secured  in  May,  191(1.  proving  the  con- 
nection between  these  meteors  and  Halley's  Comet. 
However,  as  more  radiants  have  since  been  secured,  it  has 
been  decided  to  discuss  all  the  data  in  a  new  paper. 

Table  I   contains  the  dates  of  observations,  times  of 

beginning   and    ending,    intervals,    total    numbers    seen, 

Aquarids  seen  and  remarks.     This  table  gives  at  a  glance 

the  observed  density  of  the  stream  at  these  points  along 

rbit. 

Table  II  contains  the  date,  longitude  of  meteoric  apex, 
and  coordinates  of  radiants.  Finally  the  number  of  paths 
used  and  the  weight. 

Table  III  contains  the  parabolic  elements  for  the  six 
radiants.  A  slight  error  in  Xo.  167,  as  formerly  pub- 
lished, is  here  corrected. 

Table  IV  contains  the  elliptical  elements  for  the  same 
six  orbits.  To  compute  these  it  was  assumed  that  they 
have  the  same  major-axis  as  Halley's  Comet.  That 
this  assumption  is  nearly  true  is  shown  by  the  resulting 
eccentricities,  and  also  by  the  fact  that  the  comparable 
elliptic  elements  differ  little  from  the  parabolic. 

The  means  have  been  taken  in  two  ways:  first,  as- 
suming that  all  are  of  equal  weight;  second,  by  giving 
weights  according  to  the  probable  accuracy  with  which 
the  radiant  was  fixed.  These  two  methods  really  differ 
very  little. 

Considering  the  unavoidable  errors  of  meteor  observa- 
tions, the  agreement  between  the  comet's  orbit  and  those 
of  the  meteors  is  good,  and  the  results  fully  confirm  my 
first  conclusion  as  to  the  connection  between  the  meteors 
and  Halley's  Comet. 


That  the  elements  do  not  agree  more  closely  is  due 
principally  to  none  of  the  meteors  being  nearer  than  five 
million  miles  to  the  actual  orbit  of  the  comet,  and  some 
as  far  as  13  million  miles  distant.  Therefore  the  peri- 
helion distances  are  greater  and  their  longitudes  some- 
what changed.  Attention  must  be  called  to  the  fact 
that  the  meteors  of  1910  .May  4  were  63  million  miles  in 
front  of  the  comet,  while  those  of  1911  and  1912  followed 
it.  We  are  thus  able  to  see  the  results  of  the  comet's 
partial  disintegration  Observers  should  in  future  pay 
especial  attention  to  these  meteors  in  order  that  we  may 
study  their  distribution  all  the  way  around  their  orbit. 
My  observations  were  made  in  1910  at  the  Lick  Observa- 
tory, California,  in  1911,  at  the  McCormick  Observatory, 
Virginia,  and  in  1912  at  Amies  Scott  College,  Decatur,  <  la. 

Table  I. 


Date 

Began 
G.M.T. 

Ended 
G.M.T. 

Interval 

Total 

Aquar. 

Remarks 

1910 

h       m 

h        in 

m 

May    4 

23  02 

23  32 

30 

9 

6 

clear 

5 

21  30 

23  05 

95  + 

15 

2 

hazv 

6 

19  24 

21  24 

120 

25 

* 

11 

23   17 

23  52 

35 

8 

6 

clear 

13 

22  14 

23  27 

73  + 

14 

2 

clear 

14 

22  52 

23  37 

45 

14 

?'.' 

clear** 

15 

23  22 

1 

19 

22  40 

23  35 

55 

2 

0 

clear 

May    2 

IS  15 

21   10 

175 

24 

s 

hazv 

4 

20  18 

21   12 

54 

6 

3 

v.  hazy 

5 

19  31 

21  24 

113 

21 

14 

clear 

May  13 

18  15 

21  35 

200 

24 

4 

clear 

*  Observed  by  George  Hurtnell,  Vieques,  P.R. 
**  Reported  to  me  as  seen  by  another  person,  Mt.  Hamilton,  Cal. 
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TABLE  II. 


No. 

1  (ate 

G.M.T. 

L 

a 

d 

V 

b' 

s 
-* 

Wt. 

166 

L910  May 

4.97 

O 

313.3 

o 

334.0 

o 

3.4 

o 

334.6 

+   6.9 

6  + 

2 

167* 

6.85 

315.1 

337.7 

-0.6 

339.2 

+  8.2 

25 

3 

His 

11.99 

320.1 

342.0 

-0.6 

343.2 

+    6.5 

5  + 

2 

225 

1911  May 

2.82 

311.0 

331.7 

+  0.2 

333.6 

+  11.1 

5 

1 

226 

4  87 

313.0 

332.4 

-0.8 

334.7 

+  11.4 

3 

1 

227 

5.87 

313.9 

336.0 

+0.0 

337. S 

+  9.3 

11 

3 

TABLE  III. 


TABLE  IV, 


Parabolic 

Orbits. 

Elliptical  Orbits. 

Xo. 

i 

<i 

- 

Q, 

1 

: 

9 

~ 

SI 

--u 

loge 

log  a 

H ALLEY 

..'. 

O 

o 

o 

I               ° 

162.2 

0.58-7 

169.0 

57°3 

111.7 

9.986 

1 .254 

166 

166.2 

0.677 

154.1 

44.0 

110.0 

166.1 

0.669 

152.1 

44.0 

108.0 

9.984 

1.254 

167 

163.1 

0.608 

147.6 

45.0 

101.7 

L63  0 

0.598 

145.4 

45.9 

99.6 

9.985 

1.254 

168 

166.7 

0.630 

155.1 

.-.<).  9 

104.3 

166.6 

0.621 

153.2 

50.9 

102.3 

9.985 

1 .25  1 

225 

157.7 

0.656 

149.2 

II    S 

107.5 

157.6 

0.646 

147.5 

41.8 

105.8 

9.984 

1.254 

226 

157.4 

0.682 

154.4 

43.8 

110.7 

157.-' 

0.673 

152.1 

43.8 

108.4 

9.983 

1  254 

227 

160.8 

0.616 
0.645 

147.5 
151.3 

44.7 

102.8 

160.6 

0.605 

145.8 
149.4 

44.7 

101.1 

9.985 
9.984 

1.254 

1  254 

Mean 
Unweighted 

162.0 

45.2 

106.2 

161.8 

0.635 

45.2 

104.2 

Mean 
Weighted 

162.7 

0.635 

150.6 

15  (i 

105.0 

162.6 

0.626 

148.6 

45.6 

103.1 

9.985 

1.254 

Leandtr  WcC.m-mfck  Observatory,  University  of   Virginia,  'July  20,  1912. 


COMET   a    1912. 


Word  was  received  Sept.  10,  1912  of  the  discovery  of 
a  comet   by  (!ale  at  Sydney.     It  was  subsequently  ob- 

the 


served    by    1'kager    at 

Santiago. 

Following 

are    t 

observed   positions: 

Sept.    S.889 

h 

13 

m           a 

37       0.1 

o 

-36 

31 

II 

0.2 

Sept.  11.5222 

13 

54       2.4 

-33 

10 

50 

Sept;  15.2359 

14 

15     28.7 

28 

11 

13 

Sept.  17.4524 

14 

26     58.5 

-25 

6 

is 

The  comet   was   reported    by   Prageb   visible   to   the 

naked  eve. 

The  following  ephemeris  has  been  computed  by  Ebell: 

G.M.T.  R.A.  Dec.  Light 

h      m       b 

1.23 


1.21 


Sept,  19.5 

14  36  40 

-22   14 

23.5 

14  53  24 

16  39 

27.5 

15     7  26 

11    12 

Oct.      1.5 

15    1!)     4 

-60 
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LEWIS   BOSS. 


It  is  the  sad  duty  of  the  Astronomical  Journal  to  announce  the  death  of  its  Editor  on  Oct.  5,  1912.  For  about 
two  years  he  had  been  failing,  so  that  the  end  was  not  wholly  unexpected.  He  passed  away  quietly  and  without 
any  pain,  a  fitting  ending  to  a  well  ordered,  if  strenuous,  career. 

Lewis  Boss  was  born  at  Providence,  R.  I.,  on  Oct.  26,  1846.  After  a  preparatory  education  at  private  schools, 
he  entered  Dartmouth  College  from  which  he  graduated  with  the  degree  of  A.  B.  in  1870.  After  graduation  he  pro- 
ceeded to  Washington  where  for  a  short  period  he  was  connected  with  the  Census  Office,  later  entering  the  Land  Office 
as  examiner  of  Surveys.  It  was  during  his  stay  at  Washington  that  he  married  Helen  M.  Hutchinson  of  Washington 
on  Dec.  30,  1871.  When  the  U.  S.  Northern  Boundary  Commission  in  1872  undertook  the  survey  of  the  49th  parallel 
boundary  line  from  the  Lake  of  the  Woods  westward  to  the  Rocky  Mountains,  he  was  appointed  civilian  assistant, 
and  remained  with  the  expedition  until  its  termination  in  1876. 

It  was  while  engaged  in  this  work  that  he  saw  the  desirability  of  improving  the  declinations  of  the  standard  stars, 
a  task  which  he  completed  after  the  termination  of  the  survey.  This  system  was  adopted  in  the  American  Ephem- 
eris  from  1883  to  1899  and  of  it  Professor  Newcomb  said  —  "The  declinations  were  so  thoroughly  worked  up 
by  Boss  that  the  continued  use  of  the  A.  G.  system  of  declinations  until  1900  is  to  be  regarded  as  unfortunate." 

Professor  Boss  was  tendered  and  accepted  the  directorship  of  the  Dudley  Observatory  in  1876  immediately 
upon  the  termination  of  the  boundary  survey,  and  has  held  the  position  ever  since.  He  was  a  member  of  the 
U.S.  government  total  solar  eclipse  expedition  at  West  Las  Animas,  Col.,  in  1878,  and  chief  of  the  government 
expedition  in  1882  to  observe  the  transit  of  Venus  at  Santiago,  Chile.  He  was  State  Superintendent  of  Weights  and 
Measures  of  New  York  from  1883-1906. 

His  versatility  was  shown  when  he  undertook  to  edit  and  manage  the  Albany  Express  in  1885,  and  materi- 
ally built  up  the  paper.     He  also  successfully  engaged  in  several  civic  enterprises  during  his  long  residence  at  Albany. 

He  was  invited  by  the  Astronomische  Gesellschaft  to  undertake  the  observation  of  the  zone  +0°  50'  to  +5°  10'. 
This  catalogue  of  8241  stars  was  published  in  1890. 

Among  the  astronomical  papers  published  by  Professor  Boss  were: 

The  Solar  Motion  1888:  Prize  essay  on  the  Physical  Nature  of  Comets  1881;  Division  Correction  of  the 
Olcott  Meridian  Circle   1896;   179  Southern  Stars    1898;     Solar  Motion   1901. 

It  was  during  the  nineties  that  he  projected  the  tremendous  task  of  determining  the  positions  and  proper- 
motions  of  about  26,000  stars  from  pole  to  pole.  The  pecuniary  means  for  carrying  on  this  work  were  secured 
from  private  grants  and  from  funds  of  the  National  Academy  of  Sciences. 

As  even  these  sources  of  income  were  insufficient  for  the  needs  of  the  project  and  also  because  they  were 
not  necessarily  permanent,  it  was  a  great  relief  to  Dr.   Boss  when  the  <  Jarnegie   Institution   came  to  his  aid  in 
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1903:  and  when  in  1906  the  Carnegie  Institution  of  Washington  developed  the   Department  of  Meridian  Astrom- 
etry  with  the  sole   purpose  of  carrying  on   the  work  already  well  started,  the   financing  of  the   undertaking  was 

solved. 

A  part  of  the  general  scheme  involved  the  reobservation  of  the  26, OIK)  stars  in  order  to  secure  good  positions 
at  a  late  epoch.  This  observing  program  necessitated  the  establishment  of  a  southern  station  to  observe  the 
southern  stars,   and   a   station   was  consequently  established  at  San  Luis,  Argentina. 

Because  of  the  exceptionally  clear  sky  conditions,  because  of  careful  planning,  and  because  of  the  zeal  of  the 
force,  this  expedition  started  in  1909,  ended  in  1911.  In  one  year  over  60,000  observations  were  taken  with 
the  meridian  circle  instrument.  During  the  latter  part  of  1911  the  same  instrument,  first  used  at  Albany  and 
then  at  San  Luis,    was    again  mounted  at   Albany  for  the  completion  of  the  northern  observing  program. 

As  there  were  many  demands  for  proper-motions,  Dr.  Boss  decided  to  issue  an  advance  catalogue  giving 
the  positions  and  proper-motions  of  some  of  the  better  determined  stars.  Thus  he  came  to  publish  the  Prelim- 
inary General  Catalogue  of  6,188  stars  distributed  over  the  whole  sky.  Also  as  a  product  of  the  general  work 
he  published  Positions  and  Motions  of  627  Standard  Stars.  He  published  a  selected  Catalogue  of  1,059  Standard 
Stars  in   19R)  as  a  revision  and  extension  of  the  627  Principal  Stars. 

The  proper-motions  given  in  the  Preliminary  General  Catalogue  furnished  the  material  for  a  series  of  papers 
published  in  the  Astronomical  Journal  entitled  Precession  and  Solar  Motion.  Besides  dealing  with  precession 
and  solar  motion  one  of  these  papers  embodied  a  most  interesting  and  fruitful  discussion  of  the  systematic  motions 
of  the  stars  arranged  according  to  type. 

This  article  gave  a  striking  [illustration  of  the  acceleration  of  stars  with  change  of  type.  It  also  showed 
-nine  of  the  peculiarities  of  change  of  velocity  with  change  in  Galactic  latitude. 

Another  article,  the  material  for  which  has  been  ready  since  May,  1911,  has  never  been  published,  because 
his  continued  ill  health  would  not  permit  him  to  undertake  so  serious  a  task.  The  object  of  this  investigation 
was  to  show  the  degree  of  tendency  of  preferential  motion  toward  the  general  direction  of  the  constellation  Orion 
and  in  the  opposite  direction. 

It  is  hoped  that  this  article  tnaj    be  presented  within  a   few  months. 

As  a  result  of  his  many  worthy  investigations  he  received  honors  abroad  and  at  home.  He  received  the 
gold  medal  of  the  Royal  Astronomical  Society,  London,  in  1905,  and  the  Lalande  prize  of  the  Paris  Academy  of 
Sciences  in  1911.  He  was  elected  foreign  associate  of  the  Royal  Astronomical  Society;  member  of  the  National 
Academy  of  Sciences.  American  Philosophical  Society.  Astronomische  <•■  •■  llschqft;  corresponding  member  of  the 
British  Association  for  the  Advancement  of  Science,  the  Prussian  Academy,  and  the  St.  Petersburg  Academy. 
He  received  the  honorary  degree  A.M.,  Dartmouth.  77;  LL.  D,  Union,  02;  Sc.  D.,  Syracuse,  10;  Sc.  D.,  Dartmouth. 
1912. 

In  the  latter  part  of  1909,  Dr.  Boss  became  editor  of  the  Astronomical  Journal.  Previous  to  this  time  In- 
had  been  an  Associate  Editor  of  the  J  our  mil  and  had  taken  great  interest   in  the  publication. 

It  was  his  desire  and  aim  1o  continue  the  high  standard  set  by  its  founder  Dr.  Benjamin  Apthorp  Gould, 
and  by  Dr.  Gould's  successor.  Dr.  Seth  C.  Chandler,  an  aim  in  which  it  will  he  generally  admitted  he  was 
highly  successful. 

Dr.  Boss  was  an  insatiable  worker,  carrying  on  many  projects  at  the  same  time,  yet  he  never  was  s  i  busj 
but  that  he  would  take  great  pains  to  edit  the  Astronomical  Journal  thoroughly. 

With    the    loss  of  our  Editor,    the  world  has  lost  a.  great    astronomer,    a    loving    husband  and  father,    and  a 
kindly  man.     His  enviable  career  as  scientist  and  in  his  home  leaves  nothing  to  be  regretted,   unless  we  r  i 
that    he  should   not    have  been  spared   to  see  the  end   of  the  great   project    he  started. 
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RESULTS   OF   OBSERVATION    WITH   THE   ZENITH   TELESCOPE   AND 
THE   WHARTON    KEFLEX   ZENITH   TUBE, 

IWKl.N     \V    THE    FLOWER    OBSERVATORY    DURING    THE    Yl    LRS     1909,    1910  AND    1911, 

By  C.  L.  DOOLITTL 


The  results  here  given  forrn  a  continuation  of  those 
found  in  No.  608  of  this  Journal.  With  the  close  of  this 
series,  July  19,  1911,  this  work  was  discontinued.  It  will 
not  be  resumed  for  the  presi 

From  the  installation  of  the  Wharton  Instrument, 
December  1904,  to  the  above  date  observation  has  been 
carried  on  with  few  interruptions,  whenever  weather 
conditions  permitted.  The  object  has  been  to  obtain  a 
simultaneous  record  with  both  instruments  as  nearly  com- 
plete as  possible.  Man]  observations  have  consequently 
been  made  when  conditions  were  unfavorable.  The 
rather  large  value  found  for  the  probable  error  is  no  d< 
due.  in  part  at  least,  to  this  course.  If,  however,  any 
illation  i-  ad  in  relation  to  the  large  fluctuations 

in  the  latitude  which  sometimes  appear,  it  is  important  to 
utilize  every  opportunil  ervation. 

'I  he  Wharton  Instrumenl   'as  proved  in  some  resp 
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less  satisfactoiy  than  was  hoped.  Very  appreciable  sys- 
tematic differences  are  sometime.-  present  depending 
on  the  order  of  bisection  E-W  or  W-E.  This  might  not  be 
rious  matter  if  the  differences  were  constant  but  such 
is  not  the  case.  After  continuing  with  apparent  con- 
stancy, perhaps  for  mouths,  they  sometimes  disappear 
entirely,  or  even  change  signs. 

Much  care  has  been  given  to  this  matter  ami  it  is  hoped 
that  the  effect   has  been  eliminated  from  the  final  result. 

During  the  last  year  a  reversing  prism  was  employed. 

making  the  direction  of  apparent  motion  of  the  star  the 

same  in  both  bisections.     We  can  hardly  suppose  that  this 

was   a   disadvantage,   but    the  probable  error  was  cpiite 

eciably  greater  after  its  introduction  than  before 

All  of  the  observations  with  both  instruments  have  been 
made  by  myself.  For  explanation  of  what  follows  see 
Nos.  595  and  HON  of  this  Journal. 
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23 

2.03 

!) 

1.01 

8 

25 

2.01 

7 

1.00 

4       2ol 

.  > 
o 

2.01 

26 

1 .98 

10 

l  .89 

27 

1  98 

10 

170 

s 

No. 


II 


1 

2.02 

0 

4 

2  01 

10 

s 

1.90 

10 

0 

2.10 

0 

12 

1.0  1 

0 

14 

1.03 

10 

17 

2.02 

10 

20 

1  s7 

10 

21 

1  84 

10 

27) 

1.00 

8 

27 

1.87 

7 

1   00 

s 

2.09 

s 

2  03 

s 

2.00 

s 

2.00 

s 

2.1") 

8 

2.02 

8 

2.14 

s 

2.02 

S 

1.07 

(i 

1.88 

i 

II 


Zenith  Pairs 

Zenith 

Stars 

Zenith  Telescope 

Wharton 

1910 

1 

Xo. 

II       > 

fo.         I 

Xo. 

II 

Xo. 

Dec. 

20 

f 

1.68 

1 

1911 

30 

1.00 

10 

.       1.74 

8 

Jan. 

4 
5 

0 

1.99 
1.78 

10 
10 

.       2.11 

l.ss 
1.77 

7 
1 
8 

10 

1  so 

10 

1.93 

8 

12 

1.51 

1 

l(i 

L.78 

6 

2.02 

8 

17 

1.01 

10 

'    1.96 

8 

IS 

1.01 

10 

.       1.97 

8 

.'3 

1.85 

10 

1.00 

lo      1.78 

8 

1.70 

s 

24 

1 .85 

10 

1.93 

10       1.S2 

8 

1.00 

s 

25 

.       2.15 

1 

28 

1.78 

10 

1.04 

8 

30 

2.01 

10 

1.04 

LO      2.00 

8 

1.96 

8 

Feb. 

■> 

1.70 

10 

1.00 

10       1.80 

6 

2.07 

s 

1 

1.93 

10 

1.82 

1 

7) 

1  67 

9 

1.95 

6 

10 

1.90 

10 

1.02 

0      1.82 

s 

1.84 

V 

20 

1  .OS 

7 

1.72 

3 

21 

1  83 

10 

1.85 

8      1.97 

s 

1.73 

1 

22 

1 .75 

10 

1.86 

LO       1.88 

8 

1.80 

s 

23 

1.89 

10 

1.77 

LO      2.10 

s 

1.92 

s 

24 

l.os 

10 

1.75 

0       1.86 

8 

1.93 

5 

27. 

1 .83 

0 

.       2.02 

i 

26 

1.00 

2 

2.22 

2 

27 

ISO 

10 

I  .so 

10      1.84 

8 

1.91 

8 

28 

1 .85 

0 

l.so 

10      1  88 

8 

1.95 

8 

Mar. 

1 

1.90 

10 

1.80 

5      1.84 

s 

■) 

1.69 

8 

1.81 

1 

4 

1  83 

8 

.       1.80 

6 

5 

1 .88 

4 

l.ss 

5 

0 

ISO 

6 

l.so 

10      1.87 

5 

2.03 

8 

s 

1.98 

0 

1.96 

10       1  .97 

s 

L.so 

8 

0 

1.70 

7 

.  .       2.02 

s 

10 

1  88 

10 

1.90 

8 

11 

1.83 

0 

1.93 

9      1.87 

s 

13 

2.03 

7 

10 

1.00 

10 

1.87 

10      2.02 

7 

1.90 

s 

17 

1.78 

0 

1.99 

6 

IS 

1  .S6 

8 

1  00 

9      1.83 

5 

2. os 

8 

10 

2.00 

6 

2.44 

2 

20 

1.07 

0 

1.07 

10      1.96 

6 

1.78 

s 

21 

1.87 

0 

1.93 

10      1.85 

5 

1.86 

s 

II 


III 


II 


Mar. 

22 

1.87 

(i 

24 

1.98 

10 

27 

1  88 

10 

28 

L.96 

10 

1.98 

2 

31 

1.83 

7. 

Apr. 

1 

2.07 

(i 

2 

1.07. 

1 

0 

2(ll 

s 

0 

1.00 

10 

10 

1  02 

10 

11 

1  97 

10 

2.23 

s 

l.so 

s 

s 

2.04 

8 

1.97 

8 

2.07 

1 

2  20 

s 

1  s( 

s 

l.s-1 

s 

2.25 

s 

III 
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Apr. 


May 


June 


June 


Julv 


Zenith  Pairs 

ZeniOi  Stars 

Z< 

inith  Telescope 

Wl, 

irtcm 

II 

No. 

•ii 

N 

>.        II 

No. 

III 

11' 

1.92 

8 

2  JO 

3 

15 

1.7s 

■_) 

16 

l.SS 

111 

1.00 

8 

18 

2.01 

10 

1.00 

8 

23 

1.96 

0 

2.05 

8 

24 

L.98 

0 

1.93 

0        1.S2 

i 

1.86 

25 

2.07 

10 

1.97 

0      2.06 

s 

1.86 

26 

1.07 

9 

2.15 

1C 

2.02 

8 

2.00 

27 

2.05 

4 

2.24 

4      2.01 

4 

2.08 

28 

1  98 

10 

2.00 

11 

1.00 

7 

2.09 

29 

2ii7 

0 

1.79 

- 

2.26 

s 

2.17 

2 

2.32 

7 

2.08 

11 

2.10 

7 

2.07 

3 

2.25 

7 

2.10 

11 

1.93 

8 

1.0!  1 

4 

2.02 

8 

2.02 

It 

)      2.18 

8 

2.28 

5 

2.00 

10 

2.03 

1C 

)      2.28 

s 

2.22 

6 

1.97 

1] 

216 

7 

2.  IN 

0 

2.00 

c 

,      2.28 

8 

9 

2.18 

0 

1.96 

11 

2.1  1 

8 

2  ns 

10 

2.09 

6 

11 

2.07 

9 

2.0  1 

8 

13 

2.11 

6 

2.12 

11 

1.08 

7 

2.32 

14 

L.97 

10 

2  22 

li 

2.24 

8 

2  17 

15 

2.08 

6 

2. 32 

4 

211 

2.08 

10 

1.02 

8 

21 

2.10 

10 

2.10 

K. 

2.2  1 

8 

1.07 

22 

2.26 

10 

2. IS 

1] 

2.01 

8 

1  85 

24 

2.12 

S 

2.21 

6 

25 

2.07 

10 

2.19 

11 

2.01 

8 

2.  IS 

26 

9 

2.25 

s      2.48 

8 

2.2s 

27 

2.00 

9 

2.20 

11 

2.08 

s 

2.47 

28 

2.17 

10 

2.08 

10       2.22 

8 

2.23 

29 

2.03 

11 

. 

2.1  1 

1 

2.10 

10 

2.20 

11 

2.08 

8 

2.2  1 

8 

2.42 

7 

2.20 

10       2LV, 

S 

2.34 

III 

IV 

III 

IV 

0 

2.12 

11 

2.27 

9 

15 

2.13 

11 

2.20 

7 

16 

2.20 

11 

2.37 

9 

21 

2.2.1 

0 

2.30 

0 

28 

2.12 

0 

2.10 

5 

2  It 

2.20 

11 

2.30 

8 

30 

2.13 

11 

2.37 

9 

1 

2.23 

11 

2.19 

0 

2 

2.23 

11 

2.11 

0 

3 

2  12 

s 

2.35 

7 

4 

2.16 

ll 

2.25 

7 

5 

2  25 

n 

2.24 

9 

0 

2  31 

ll 

2.35 

s 

10 

2.18 

11 

2.2S 

9 

11 

2.24 

8 

2.43 

7 

12 

2.25 

10 

2.36 

9 

No. 


The   following    values    of   the    constant    of    aberration 
result  from  this  series: 


ZeniOi  Telescope 

1000  20.520      ±.0005 

1010-11      20.501       ±.0078 


Wharton  Instrument 

20.605      ±.0100 
20.572     ±.0097 


L911 


Julv 


Zenith  Paii  - 
Zenith  Telescope 

III         No  IV       No. 


Zenith  Stars 

Wharton 


15 

2.22 

11 

16 

2.10 

9 

19 

2.42 

4 

III 

2.23 
2.37 

2,1s 


No. 

s 
s 
') 


Final  Values  of  the  Latitude. 


1000 


1910 


1911 


5400 


IV      No. 


q  =  39° 

58'  + 

■  an   1 

ate 

Z  Tel. 

No. 

Wharton 

No. 

Jan. 

14 

2.062 

05 

2.158 

50 

Feb. 

S 

2.120 

175 

2.230 

132 

Mar. 

15 

2.302 

101 

2.384 

144 

Apr. 

12 

2.313 

loo 

2.441 

83 

May 

0 

2.391 

140 

2.386 

118 

25 

2.412 

147 

2.384 

102 

June 

17 

2.370 

01 

2.302 

71 

July 

7 

2.310 

100 

2  312 

140 

20 

2.282 

107 

2.240 

104 

Au»'. 

6 

2.217 

101 

2.170 

151 

26 

2.028 

73 

2.10.1 

82 

Sepl 

13 

2.025 

82 

2.105 

02 

Oct. 

25 

1.700 

154 

1.931 

148 

Nov. 

0 

1.777 

143 

1.S70 

144 

26 

L.832 

164 

1 .842 

128 

Dec. 

14 

1 .854 

65 

1 .875 

57 

Jan. 

11 

1  055 

73 

1.986 

04 

Feb. 

S 

1.0S2 

202 

2.108 

164 

.Mar. 

11 

2.070 

220 

2.218 

100 

Apr. 

14 

2.120 

00 

2.288 

46 

May 

4 

2.236 

10  1 

2.320 

124 

22 

2.200 

173 

20 

2.420 

144 

June 

22 

2.397 

5  1 

2.4SO 

36 

July 

0 

2.416 

150 

2.384 

125 

24 

2.342 

150 

2.384 

111 

Aug. 

6 

2.35s 

107 

2.300 

140 

Sept 

S 

2.236 

72 

2.277 

00 

25 

2.185 

ss 

2.241 

00 

Oct. 

26 

2.021 ; 

227 

2.000 

108 

Nov. 

18 

2.000 

187 

2.041 

157 

Dec. 

17 

1.041 

103 

2.002 

so 

Jan. 

12 

1 .878 

50 

1.045 

40 

IV!.. 

1 

1.S40 

105 

1 .882 

100 

27 

1 .842 

175 

1.913 

134 

Mar. 

15 

1.01  t 

144 

1.030 

110 

Apr. 

5 

1.948 

lis 

2.020 

02 

May 

1 

2(151 

230 

2.084 

183 

25 

2.150 

233 

2.188 

196 

June 

23 

2.181 

05 

2  005 

71 

July 

10 

2.222 

04 

2  320 

74 

45S0 


For  tlie  probable  error  of  a  single  latitude  determinal  ion: 
Zenith  Telescope  Wharton  Instrument 


1909 

lolo-'ll 


0.141 
.141 


0.144 
.150 
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For  the  purpose  of  examing  the  daily  fluctuations  of  the 

latitude,  the  residual?  are  formed  by  taking  the  differences 
between  the  daily  means  and  the  final  values  found  from 
them.  A  comparison  of  these  residuals  for  the  several 
years  skives  results  as  follows: 

1905  1906  1907  1908  1909  1910  1911  Total 
Xo.  of  comparisons  230  229  239  243  224  238  137  1540 
One  or  both  zero  28     28     21     20     21     26       9     162 

Like  signs  101     99  116  112   115  115     78     736 

Unlike  signs  101    102   102   102     88     97     50     642 

Cases  where  both  residuals  are  at  least  twice  the  prob- 
able error: 


Like  signs 

IS 

13 

17 

14 

9 

15 

13 

99 

Unlike  signs 

10 

10 

7 

9 

6 

5 

3 

50 

There  are  twelve  cases  where  both  resdiuals  are  at  least 
three  times  the  probable  error,  ten  of  these  have  like  signs 
and  two  have  unlike  signs. 

The  following  are  not  less  than  four  times  the  probable 
error: 

Upper  Darby,  Pa.,  August  21,  1912. 


Zenith  Telescope 


Wharton  Instrument 


1907  Sept.  30 

v  =  -  .22     No.  (7) 

i>,=  -.19 

No.  (9) 

1908  July  30 

-  -22             (7) 

-.22 

(8) 

1910  Feb.  6 

-.29            (10) 

-.33 

(8) 

In  the  last  case  the  residuals  are  six  times  the  probable 
error.  If  we  take  .0430  as  representing  the  numerical 
probability  of  a  residual  equal  to  three  times  the  probable 
error,  then  the  probability  of  the  simultaneous  occurrences 
of  two  such  errors  in  two  observations  taken  at  random 
will  be  (.043)2  =  .001849.  We  might  therefore  expect 
three  such  cases  in  a  total  of  1,540  determinations.  We 
find  twelve,  with  ten  cases  of  like  sign. 

In  a  simular  manner  we  find  that  we  have  one  chance 
in  twenty  thousand  for  the  simultaneous  occurrence  of 
two  residuals  as  great  as  four  times  the  probable  error. 
We  have,  therefore,  to  deal  with  a  class  of  errors  other 
than  those  due  to  observation,  and  of  the  same  order  of 
magnitude.  Before  much  further  progress  can  be  hoped 
for  in  this  direction  means  must  be  found  for  investigating 
or  eliminating  these  errors. 


COMET     C    1912     (BORRELLY^. 


Announcement  has  been  made  of  the  discovery  of  a  new 
comet  by  Borrelly,  Nov.  2.3044  G.M.T.  at  R.A.  17"47ra, 
Dec.  +  38°57'. 

Following  is  an  ephemeris  by  \'i<tiolson  and 
Lansendorf : 


1912 


Ephemeris 

G.M.T. 

R.A. 

Dec. 

h       ni       s 

O            ' 

November  8.5 

18  32  13 

+  28  51 

12.5 

18  53  56 

+  22  54 

16.5 

19  11  36 

+  17  38 

20.5 

91  26  18 

+  13  04 

Light 

H.SS 


0.51 


NOTICE. 

The  Astronomical  Journal  has  appointed  Mr.  Benjamin  Boss  Acting  Editor  pending  later  and  definite  action. 
All  communications  should  continue  to  be  addressed  to  the  Dudley  Observatory,  Albany,  N.  Y. 
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THE   RELATIVE   PROPER-MOTIONS  OF    162   STARS  IN   THE  NEIGHBORHOOD 

OF   THE   GREAT   NEBULA   IN    ORION, 

DERIVED   FROM   PLATES    MADE    WITH    THE   YERKES   REFRACTOR, 

By  Dr.  A.  VanMAANEN. 


Introduction. 

When  I  went  to  the  Yerkes  Observatory  to  spend  the 
year  1911-1912,  I  hoped  to  be  able  to  do,  among  other 
things,  some  work  in  the  line  of  proper-motions.  Such 
work  could  as  a  second  result  give  me  an  idea  of  the  ac- 
curacy obtainable  with  a  long-focus  refractor  compared 
with  that  of  instruments  of  a  smaller  size. 

I  found  that  only  a  few  plate-;,  which  could  serve  my 
purpose,  were  taken  in  the  early  years  of  t  he  ( >bservatory's 
existence,  but  On  the  other  hand  the  oldest  plates  were  of 
the  very  interesting  region  of  the  great  nebula  in  Orion. 
These  plates  were  taken  in  December,  1901  by  Professor 
<!.  \Y.  Ritchey;  they  have  moreover  the  advanta 
being  secured  with  the  colour-screen.  The  latter  circum- 
stance makes  it  possible  to  measure  many  more  stars  in 
the  densest  parts  of  the  nebulosity  than  would  be  the  case 
otherwise:  besides  giving  much  better  images  of  stars  of 
different  magnitude.  Plates  taken  without  a  colour- 
screen  give  good  images  of  stars  of  average  brightness;  but 
the  faintest  -tars  on  the  plate-  are  very  hazy  and  therefore 
difficult  to  measure,  while  the  brig  tars  show  very 

large  images  with  a  halo,  which,  moreover,  do  not  surround 
the  central  imagi  -  sj  mmetrically  unless  these  stars  are  in 
the  centre  of  the  plate.  This  makes  it  very  difficult  to 
secure  good  measurements  of  the  brightest  stars. 

On  the  other  hand,  plates  taken  with  the  colour-screen, 
give  much  better  images,  both  of  very  faint  and  of  very 
brigbl   stars. 

At  first  glance  it  may  seem  that  this  statement  about 
the  advantage  of  the  use  of  a  colour-screen  with  the  great 
Yerkes-refractor  is  contradictory  to  that  made  by  Pro- 
fessor Frank  Schlesingeh  in  his  "  Photographic  Deter- 
minations of  Stellar  Parallax  made  with  the  Yerkes 
Refractor,"  but  we  must  not  forget  that  he  used  only 
medium-sized  stars  as  comparison  stars,  while  by  means 
of  a  rotating  sector  he  cut  down  the  light  of  the  brighter 


parallax-stars  so  as  to  make  the  image  of  the  same  size  as 
those  of  the  comparison  stars.  As  we  intend,  however, 
to  use  all  the  stars  on  the  plate,  the  use  of  a  colour-screen 
is  unavoidable. 

It  was  not  difficult  to  get  plates  of  the  same  region  of 
the  sky  for  a  recent  date  as  Professor  J.  A.  Parkhurst  has 
secured  every  year  photographs  of  the  Orion-nebula  with 
the  great  Yerkes-refractor  for  his  investigations  on  the 
many  variable  stars  in  that  neighborhood. 

Ah  hough  so  much  of  the  nebulosity  is  cut  off  by  the  use 
of  the  colour-screen  that  most  of  the  stars  on  the  plates 
could  be  measured,  that  does  not  hold  for  the  four  stars  of 
the  trapezium,  which  are  in  the  densest  part  of  the  nebu- 
losity. Therefore  these  stars  have  been  measured  on 
plates  of  shorter  exposures,  secured  by  .Messrs.  Jordax. 
Sullivan.  Parkhurst,  Slocum  and  myself.  The  plates 
ne  given  in  the  following  table: 


0', 

(!', 

020 

923 

On 

On 

o79 

*706 


Dec.  27, 
Dec.  28, 
Febr.  4, 
Febr.  25, 
March  3, 
Febr.  18, 

Dec     IS. 
Jan.  1, 
Febr.   is. 
.March  21, 


1901 
L901 

1906 
1906 
1907 
1911 
1911 
1912 
L912 
L912 


Exposure 
h         m 

3  00 

I  (it) 

15 

05 

1  50 

19 

1  4s 

2  03 
1   36 

05 


Ritchey 

Kin 'HEY 

Parkhurst 

SlTT,T,. ,   JOR.,    SULL. 

Parkhurst 

Parkhurst 
Parkhurst 
Parkhurst 
Parkhurst 
Slocum,  ».  \f..  v.M. 


The  plates  923  and  tt706  contain  each  three  exposures. 
The  plates  are  combined  into  the  following  pairs: 


0', 

with 

073 

0', 

u 

o74 

o2„ 

it 

0W 

923 

. , 

tt706 

032 

(1 

o79 

(139) 


140 
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The  Measuring   Mai  hine. 

The  plates  were  measured  with  a  monocular  stereocom- 
parator,  constructed  by  Zeiss;  to  it  was  attached  a  good 
micrometer,  belonging  to  the  12-inch  refractor  at  Yerkes 
Observatory.  The  instrument  is  described  in  several 
pamphlets  published  by  the  manufacturers  while  elaborate 
descriptions  of  it  are  given  by  Dr.  Pulfhich  in  the  "Zeit- 
schrift  fur  Insb-umentenkundt  ." 

The  method  used  by  me  may  be  briefly  described  as 
follows: 

The  micrometer  was  oriented  so  that  the  horizontal 
wires  were  parallel  to  the  horizontal  motion  of  the  plate. 
The  earlier  plate  was  put  in  the  left-hand  plate-holder 
so  that  the  movable  vertical  wire  of  the  micrometer  was 
at  right  angles  with. the  East-Wesl  line  on  the  plate  (for 
the  equinox  1900.0).  For  this  two  pairs  of  stars  were 
used  of  nearly  the  same  right  ascension  and  with  a  large 
difference  in  declination,  the  positions  of  which  are  given 
in  the  A.  G  Strassburg.  As  we  must  know  the  value  of 
the  micrometer-screw,  I  have  determined  this  value  by 
means  of  a  plate  of  the  Pleiades,  also  taken  with  the  Yerkes 
Refractor  by  Professor  F.  Slocum.  The  distances  of  three 
pairs  of  stars  were  measured  and  compared  with  the  dis- 
tances in  seconds  of  arc  as  given  by  Elkin  in  his  measure- 
ments of  the  Pleiades.  The  later  plate  was  then  put  in 
the  right-hand  plateholder  and  so  adjusted  that  there  was 
nearly  the  same  horizontal  distance  between  correspond- 
ingimageson  both  plates.  The  difference  in  distance  was 
±  four  revolutions  By  this  choice  there  was  no  chance 
for  even  the  brightest  star  images  on  the  plates  to  overlap, 
which  might  have  had  an  influence  on  the  measurements. 
This  scheme  was  followed  with  great  accuracy  in  all  four 
positions  in  which  the  plates  were  measured.  The 
measurements  were  then  made  in  the  following  way:  the 
micrometer  was  set  at  zero-reading;  the  plates  were 
moved  together  till  the  image  of  a.  star  on  the  earlier  plate 
lay  between  the  two  horizontal  threads  ami  nearly  on  the 
vertical  thread;  that  imago  was  bisected  and  the  micro- 
meter read.  The  little  mirror  in  the  eyepiece  was  thou 
turned  so  that  the  later  plate  became  visible.  The  same 
star  on  this  plate  was  now  bisected  and  the  micrometer 
read  again;  this  was  repeated  three  times.  Then  the 
little  mirror  was  turned  again  so  as  to  make  the  Inst 
plate  visible;  a  second  star  was  brought  between  the 
horizontal  threads  and  nearly  on  the  vertical  thread  and 
everything  v  ited  as  in  ike  case  of  the  first  star. 

These  measurements  were  made  for  all  stars  visible  on 
both  plates.  After  that  the  positions  of  the  plates  were 
changed  90°,  1S0°  ami  270°  and  the  measures  were  made 
in  the  stime  way  in.  all  four  positions. 

In  my  former  paper  on  the  proper-motions  of  I  U8  stars 
in  and  near  the  double  cluster  in  Perseus  (Rech.  <l<   VObs. 


d  Utrecht,  Vol.  V),  1  have  stated  the  advantage  of  measur- 
ing the  plates  in  two  positions  only,  at  right  angles  to  each 
other;  but  this  holds  only  when  there  are  plates  enough, 
in  which  case  it  is  preferable  to  measure  twice  as  many 
plates  in  t  wo  positions  as  half  the  number  in  four  positions. 
As,  however,  there  were  only  two  early  plates  of  the 
Orion-nebula  available,  it  seemed  worth  while  to  measure 
t  hem  in  all  four  positions. 

For  each  pair  of  plates  the  measurements  afford  the 
distances  of  the  images  of  each  of  the  stars  in  the  four 

positions,  M„.  M, I/,,,,,  M .ri0.     The  distances  M0.  and  M^0 

are  combined  to  one,  .1/,,;  Mw  and  .l/.,70  to  M,.  From 
these  numbers  the  proper-motions  must  be  deduced. 

Before  proceeding  to  point  out  the  way  in  which  this 
was  done,  it  is  necessary  to  justify  the  use  of  the  stereo- 
comparator  instead  of  the  usual  measuring-machine,  in 
which  only  one  plate  is  measured  at  a  time,  such  measure- 
ments then  being  compared  with  those  of  another  plate 
of  the  same  region  but  of  different  epoch. 

The  stereocomparator  has  not  previously  been  used  for 
measures  as  here  described.  Dr.  S.  Kostinsky  has.  o  be 
sure,  used  the  stereocomparator  several  times  for  measure- 
ments of  proper  motions,  but  he  compared  the  stats. 
suspected  of  having  large  proper-motions  with  only  a  few 
stars  in  the  neighborhood.  In  such  cases  the  measure- 
ments in  each  position  require  only  about  fifteen  minutes 
and  we  may  assume  that  in  so  short  a  time  the  relative 
positions  of  the  two  plates  do  not  change.  When,  how- 
ever, we  measure  all  the  stars  on  the  plates,  the  measure- 
ments in  one  position  will  take  a  considerable  time  (in  our 
case  two  days)  and  it  is  doubtful  whether  the  relative  posi- 
tion of  the  two  plates  will  remain  constant  for  so  Ioni- 
an interval,  especially  as  they  must  lie  moved  over  quite 
large  distances,  tin  size  o  the  plates  being  eight  by  ten 
inches. 

Finding  at  the  Yerkes  Observatory  a  stereocomparator 
as  well  as  an  ordinary  measuring-machine,  I  thought  it 
worth  while  to  compare  the  accuracy  which  could  be 
reached  by  both  instruments.  Therefore  I  have  meas- 
ured four  plates  oi  the  region  B.D.  H  4_>63  (one  of 
Kapteyn's  selected  areas  .taken  with  the  Yerkes- refract  or 
in  1908,  1907  ami  two  in  1011.  The  plates  were  com- 
bined to  form  two  pairs  to  obtain  at  the  same  time  proper 
motions,  should  there  be  any  large  enough  to  be  detected 
in  as  short  an  interval  as  four  and  live  years  They  were 
measured  in  four  positions  in  each  instrument  and  the 
measures  in  each  position  of  each  pair  were  reduced  sepa- 
rately but  in  exact!}  the  same  way.  As  each  plate  con- 
tained 92  stars,  we  obtained  enough  data  in  both  cases  to 
deduce  a  reliable  mean  error  of  the  proper-motions.  The 
mean  propel -mot  ion  turned  out  to  have  a  mean  error 
0". oix  in  «  and  It". 011  in  &  in  the  case  of  the  usual  meas- 
uring-machine and  0".019  in  <c  anil  0".013  in  ^  in  the  case 
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of  the  stereocomparator.  In  the  6ase  of  the  stereo- 
comparator  the  measurements  showed  a  systematic 
error  depending  on  the  temperature  of  the  room.  This 
can  hardly  surprise  us  as  the  distance  of  the  two  plate- 
holders  as  well  as  the  distance  of  the  two  mirrors,  which 
reflect  the  light  from  the  plates  to  the  eye-piece  are  no1 
less  than  twenty  inches.  The  plate-holders  were  mounted 
on  a  frame  of  cast-iron,  while  the  mirrors  were  in  a  tube 
of  brass  or  copper.  The  differences  in  the  readings  were 
of  the  same  order  as  might  be  expected  on  account  of  the 
different  coefficients  of  expansion  of  cast-iron  anil  brass 
by  the  changes  in  the  temperature,  which  amounted  some- 
times to  ten  degrees  centigrade.  As.  however,  the  tem- 
perature was  not  read  systematically,  no  corrections  could 
be  applied  It  is,  moreover,  clear  that  it  is  better  to  avoid 
a  correction  than  to  apply  it. 

This  can  be  done  in  two  ways:  by  keeping  the  tem- 
perature constant,  or  by  making  the  different  pan-  of  the 
instrument  from  the  same  material  (for  instance  nickel- 
iron  with  an  expansion-coefficient  equal  to  that  of  glass 
The  latter  way  will  of  course  be  advisable  for  the  con- 
struction of  stereocomparators  in  the  future,  for  instru- 
ments already  in  use  we  must  take  precautions  to  keep 
the  temperature  in  the  room  as  constant  as  possible.  From 
the  small  difference  in  the  mean  errors  obtained  above  it 
seems  sate  to  conclude,  that  with  this  precaution  the 
stereocomparator  can  give  an  accuracy  at  least  as  greal 
as  the  usual  measuring  machine.  As,  moreover,  the 
measurements  take  less  time  and  as  in  the  reductions  we 
have  to  deal  with  a  smaller  number  of  figures  in  the  case 
of  the  stereocomparator  than  in  the  case  of  the  usual 
measuring-machine  (where  the  stars  have  to  be  compared 
with  the  lines  of  a  divided  scale,  which  is  entirely  avoided 
in  the  stereocomparator  .  1  came  to  the  conclusion  that 
the  stereocomparator  is  preferable  tor  the  kind  of  work  I 
had  in  view. 

It  is  for  this  reason  that  I  undertook  the  measurement 
of  the  Orion-plates  with  the  stereocomparator.  The  tem- 
perature of  the  room  was  kept  as  constant  as  possible;  a 
range  of  no  more  than  two  degrees  centigrade  was  allowed. 

As  for  the  plates  of  the  region  B.D.  +44°  42b.">,  there  is 
no  star  with  a  large  proper-motion.  The  precision  of  the 
result  is  so  small  on  account  of  the  short  time-interval, 
that  it  seems  not  worth  while  to  publish  the  results. 

The  Reductions. 

We  now  return  to  the  values  .1/,,  and  Mt  from  which  the 
proper-motions    are   to   be   derived.     I   follow   the   same 


scheme  developed   by    Professor    J.   (.'.    Kapteyn    in   his 
selected   areas,  viz.: 
we  put 

M ,  =  /a,  H  a    +  bx    +  cy 

.1/,,  =  p.,  +  a'  +  b'x  +  c'y  . 

in  which  x  and  y  are  the  rectangular  coordinates  of  the 
star,  (i/'c  a'b'c'  constants  of  the  plates,  /a,  and  fit  the 
proper-motions  in  a  and  8. 

I  now  make  the  same  supposition  as  Kapteyn  (Selected 
Areas,  34):  "That  for  the  very  faint  stars  on  the  plate 
(after  having  excluded  those  among  them,  which  by  a 
first  reduction  appeal-  to  have  a  very  sensible  p.  m.)  the 
mean  proper-motion  both  in  a  and  &  is  the  same  over  the 
whole  of  the  plate."  Starting  from  this  supposition,  a 
reduction  of  the  faint  stars  will  at  once  furnish  us  with 
very  reliable  values  of  the  constants  abc  a'b'c'.  As  Kap- 
n:\\  states,  this  supposition  will  introduce  a  very  slight 
systematic  error  because  the  parallactic  motion  will  not 
be  absolutely  the  same  on  every  part  of  the  plate.  With 
areas  covered  by  our  plates  the  error  will,  however,  never 
reach  a  ninetieth  part  of  the  mean  parallactic  motion  of 
the  stars  used,  and  may  therefore  be  neglected.  We  have, 
however,  to  avoid  stars  which  may  form  a  system.  We 
therefore  exclude  the  stars  in  and  near  the  nebula, 
where  the  great  number  of  stars  makes  it  probable  that 
part  of  them  form  a  system,  which  may  have  a  common 
proper-motion. 

Taking  these  restrictions  into  consideration  I  took  47 
stars  of  magnitude  9.9  or  fainter,  with  no  proper-motion 
in  either  co-ordinate  larger  than  0".030  and  distributed 
equally  over  the  four  quadrants  of  the  plate.  Each  of 
these  stars  furnishes  then  an  equation  of  condition  of  the 
form: 

.1/  =  a  +  bx  +  cy     (in   it   and   &); 

by    the     method    of    least     squares    the    constants     abc 
n'h'c'    arc  derived   for   both    pairs    of    plates. 
Substituting  these  constants  into  the  equations: 

M.  =  /x„  +  a  +  bx    +  cy 
Ms  =  m  +  a'  +  b'x  +  c'y 

of  each  of  the  162  stars,  we  find  the  values  /*,  and 
fit  for  each  star. 

As  thus  far  we  have  dealt  with  the  total  differences  in 
ten  years  expressed  in  revolutions  of  the  micrometer-screw 
we  have  to  obtain  tin-  annual  proper-motions  in  seconds 
of  arc  by  multiplying  the  values  fi.  and  /xs  by  the  factor: 


9  = 


the  value  of  one  revolution  of  the  micrometer  screw  in  seconds  of  arc 
the  interval  in  years  between  the  epochs  of  the  plates 
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The  numerator  is  computed  from  the  distances  of 
three  pairs  of  stars  on  the  plates,  which  also  appeal'  in 
A.  G.  Strassburg,  and  checked  by  the  distances  of  three 
pairs  of  stars  on  a  plate  of  the  Pleiades,  mentioned  above- 
As  the  best  value  we  get: 
1  revolution  of  the  micrometer-screw  =  5". 3384jin.e.0".0018. 

The  results  of  the  multiplication  of  /x„  and  /*.>  by  7  are 

11   in   the  tables  under  ix"u  ,  /x".,,,  ,  /<.",,>   and   /x",,  ,   the 

indices  1  and  2  referring  to  the  two  pair-  of  plates.     The 

mean  of  /<.",,  and  /-<"._,,  is  given  in  the  column  //'„  ;    that    of 

and  /x"„,  in  the  column  /j."s. 

It  must  be  remembered  that  these  values  are  proper- 
motions  relative  to  the  mean  of  the  17  stars  used  for  (•(im- 
puting the  constants  abc  a'b'c'.  When,  however,  these 
stars  are  chosen  with  the  precautions  mentioned  above, 
the  relative  proper-motions  will  only  differ  by  a  very  slight 
amount  from  the  absolute  proper-motions. 

It  is  right  here  that  we  meet  a  drawback  of  long-focus 
instruments.  The  field  is  so  small  that  there  will  lie  only 
a  very  few  stars  on  the  plates  which  have  been  measured 
by  meridian-circles:  and  yet  thus  far  it  is  only  observa- 
tions with  meridian-circles  which  can  yield  absolute 
proper-motions.  The  absolute  proper-motions  of  these 
stars  compared  with  their  relative  proper-motions  gives 
the  difference  of  the  absolute  and  relative  proper-motions 
of  all  the  stars  measured  on  a  plate. 

Dr.  H.  Paetsch  of  Berlin  had  the  kindness  to  send  me 
the  positions  in  all  catalogues  of  all  the  A.G.  stars  on  the 
plate.  There  are  however  only  a  few  stars  (2  or  3)  which 
give  reliable  absolute  proper-motions.  Therefore,  I  think 
it  better  not  to  deduce  the  absolute  proper-motions  before 
I  have  more  data  at  my  disposal. 

The  scheme  followed  above  for  computing  the  relative 
proper-motions  is  not  used  for  the  four  stars  of  the  trape- 
zium. The  long  exposures  of  the  plates  make  the  densest 
part  of  the  nebula  so  dark,  that  it  is  impossible  to  get  good 
measures  of  these  stars.  I  had,  however,  three  pairs  of 
plates  with  shorter  exposures  which  were  suitable  for 
deriving  their  proper-motions.  On  all  these  plates,  six 
stars  which  surrounded  the  trapezium-stars  as  symmetri- 
cally as  possible  were  measured  besides  the  trapezium- 
stars.  Each  of  these  six  stars  gives  us  an  equation  of 
condition  : 

M  =  n  +  a  +  bx  +  cy  (in  «  and  8). 

Sul  >st  ituting  into  these  equations  for  /x  t  he  final  proper- 
motions  of  the  six  stars,  they  yield  by  the  method  of  least 
squares  the  constants  of  the  plates  abc.  Substituting  the 
values  of  the  constants  into  the  equations  of  the  same 
form  for  the  trapezium-stars,  we  get  the  proper-motions 
of  these  stars.  Applying  proper  weights  the  mean  of 
the  three  values  derived  in  this  way  was  obtained  and 
entered  in  the  tables. 


Systematic  and  Accidental  Errors. 

In  order  to  investigate  systematic  errors  depending  on 
the  positions  of  the  stars  on  the  plate,  I  plotted  the  stars 
with  their  proper-motions  on  a  large  sheet  of  paper:  no 
errors  of  this  kind  could  however  be  detected. 

Errors  depending  on  the  magnitude  of  the  stars  also 
seem  not  to  exist  or  at  least  to  be  very  small. 

The  mean  error  of  a  final  proper-motion  turns  out  to  be 
0"  i H 160  in  /x"„    and  0".0047  in  ,<" 

This  certainly  is  a  veiy  good  result.  It  shows  that  the 
mean  error  in  the  distance  of  the  images  of  the  same  star 
on  one  pair  of  plates  is  0".077.  Comparing  this  with  the 
analogous  quantity  0".218,  yielded  by  plates  taken  with 
the  Carte  <lu  del  instrument  at  Helsingfors, and  discussed 
in  Publ.  of  thi'  Astr.  Lab.  at  Groningen,  19,  the  advantage 
of  long-focus  instruments  is  (dearly  shown. 

The  Proper-Motions. 

The  proper-motions  of  nearly  all  the  stars  measured  are 
very  small,  so  small  indeed  that  it  is  impossible  to  detect 
any  common  proper-motion  in  and  near  the  nebula.  We 
can  only  state  that  if  there  exist  any  common  proper- 
motion,  it  must  be  very  small. 

There  are  three  stars  with  proper-motions  >0".100 
annually  viz.: 


783 

.Mai;. 

L3.5 

-0.01  is 

1 1  21 12 

781 

1  1  (i 

+   .170 

.018 

793 

12.7 

+  .Oils 

.084 

The  star  783  is  remarkable,  as  it  is  only  13.5  magnitude 
on  the  Harvard  scale,  while  Bond  calls  it  13.9  magnitude. 
The  proper-motion  w  as  checked  by  comparing  the  distance 
of  it  and  a  few  stars  near  by  on  the  plate  with  the  same 
distances  from  Bond's  measures  made  more  than  50  years 
ago. 

Dr.  R.  E.  Wilson  in  his  article  "New  positions  of  the 
stars  in  the  Huyghenian  region  of  the  great  nebula  in 
Orion"  (Un.  of  Virg.  Publ.  Sc.  Series,  Vol.  I  No.  4),  makes 
a  few  remarks  of  a  possible  proper-motion  of  the  stars  612, 
bis.  622,  636,  686  and  688. 

In  the  cases  of  the  first  four  stars  my  results  give  no 
confirmation  of  the  proper-motions  assumed  by  WlLSON, 
and  the  differences  between  Bond  and  Wilson  must 
probably  be  ascribed  to  the  uncertainty  of  Bond's  measures. 

For  686  and  688  Wilson  states:  "Evidently  either 
something  is  wrong  or  these  stars  have  large  proper- 
motions."  The  last  is  certainly  not  the  case  as  the  proper- 
motions  ought  to  be  about  half  a  second  of  arc  annually 
to  account  for  the  differences  between  Bond  and  WlLSON, 
which  is  by  no  means  the  case.  The  plates  show,  how- 
ever, two  condensations  in  the  nebula  in  the  places  where 
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Bond  places  his  stars  686  and  688.  These  condensations 
I  suppose  were  measured  by  Bond.  This  is  the  more 
probable  as  the  stars  called  686  and  68S  by  Wilson, 
to  which  1  give  the  same  numbers,  are  very  faint,  viz.: 
13.6  and  13. S  on  the  Harvard  scale  and  may  not  have 
been  seen  by  Boxd  at  all. 

KXPLAXATION    OF    THE    TaBLK- 

Bond's  numbers  are  given  in  the  first  column.  The 
letters  used  by  Professor  J.  A.  Parkhurst  in  his  article. 
"Famt  stars  near  the  trapezium  in  the  OWoK-nebula" 
(Astroph.  J.,  Vol.  XX,  No.  2)  were  employed  for  the  faint 
stars  not  in  Bond's  list,  in  addition  I  have  given  the 
letters  /3  to  p.  to  a  few  stars,  not  appearing  in  either  list. 
As  Professor  Parkhurst  intends  to  publish  in  a  short 
time  an  elaborate  article  on  the  same  subject,  we  thought 
it  best  to  retain  the  numbers  used  by  him  in  his  former 
publication. 

The  second  column  contains  the  magnitudes.  Those 
of  the  very  bright  stars  are  taken  from  H.A.  50.  The 
others  were  supplied  through  the  kindness  of  Professor 
Parkhurst.  They  are  derived  from  the  diameters  on 
oae  to   four   plates,   mostly  measured  by  him.     As  the 


plates  were  taken  at  the  visual  focus  of  the  great  Yerkes 
refractor  with  a  yellow  screen  and  isochromatic  plates, 
the  magnitudes  will  correspond  quite  closely  with  visual 
values.  They  are  reduced  to  the  Harvard  scale  and  form 
thus  one  coherent  system  with  the  brighter  star-.  In  the 
case  of  the  very  faint  stars  I  measured  the  diameters  on 
plate  Ora  even  when  the  images  were  not  quite  black  in 
bhe  centre.  The  magnitudes  of  these  stars,  13.0  and 
fainter,  are  therefore  not  quite  reliable,  bu1  they  are  cer- 
tainly not  brighter  than  13.0.  The  stars  whose  magni- 
tudes are  derived  from  the  diameters  on  more  plates  are 
marked  with  a  °.  Their  magnitudes  are  of  course  more 
reliable. 

In  columns  8  and  4  are  given  the  right-ascensions  and 
declinations  for  the  equinox  of  1900.0.  These  positions 
are  derived  from  my  measures  of  plate  0T:;.  As  they 
are  only  given  to  identify  the  stars,  the  positions  are 
carried  out  to  0s.  1  in  u,  and  1"  in  8.  They  may  however, 
require  a  slight  correction  to  the  last  place. 

The  other  columns  contain  the  proper-motions  viz.: 
.")  and  ti  t  he  values  //'  for  both  pairs  of  plates  in  a  ;  7  and  8 
the  values  p."  for  both  pairs  of  plates  in  S;  while  9  and  10 
contain  the  means  of  these  values.  These  are  the  final 
relat  ive  proper-motions. 


Table. 


No.  Bond 
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lar  Observatory. 

ON   A   SUSPECTED   VARIABLE   m   SCOKPIO, 

I'.y   PAUL   8.  YEXDELL. 
=  Cordoba  Photographs,  CI.  XXXVI,  No.  85. 

=  Yarnall  (F)  7616     17"  44'"  40.34s  (1.869.5)     -34°  28'  22".l  (1874.5). 


In  the  notes  to  CI.  XXXVI,  Dr.  Gould  says  of  this  star: 
"No.  85,  Var.  (F.)  7616.  Given  as  10"  in  Cluster- 
Catalogue,  as  9H.5  in  CDM,  as  9}"  in  Vol.  XV  of  Results 
in  Cordoba,  and  as  8M.0  by  Yarnall.  Its  images  appear 
as  s;"  on  plate  359,  as  SJM  on  plate  362,  as  9iM  on  plate 
402  and  as  9"  on  plate  603." 

The  dates  of  the  above  plates  are  respectively:  pi.  359, 
1876,  Aug.  8;   362,  1876,  Aug.  11;   402,  1876,  Sept.  12. 

On  plates 578  and 579,  1881,  June29;  584,  1881,  July  9; 
597,  ISM.  July  20;  603,  1881,  July  26;  664.  188] ,  Aug.  2; 
and  605,  1881,  Aug.  6,  the  star  does  not  seem  to  have 
appeared. 

I  missed  the  star  while  observing  TX  Scorpii  on  1912 
Aug.  31,  it  having  been,  in  connection  with  the  comparison 
stars  d  and  a,  one  of  my  landmarks  for  identifying  thai 
star,  it  being  somewhat  conspicuous  as  forming  the  apex 
scalene  triangle  with  those  two  stars.  A1  the  next 
opportunity  on  Sept.  4,  the  sky  was  too  hazy  even  to  see 
the  star  d,  bu1  on  Sept.  6  the  air  was  very  clear  and  still, 
and  No.  99,  of  '. ' ; M .  was  well  seen  as  soon  as  the  sky  grew 


dark  enough;  at  the  next  observation,  twenty  minutes 
later,  No.  85  was  steadily  seen,  but  about  at  the  limit  of 
vision  for  that  occasion;  I  estimated  its  brightness  as 
10";   the  notes  are  as  follows: 


1912  Aug.  31  8"  0,n.  local  M.T. 


Sept.   4   7   35 


6  7  15 


35 


star  x  (  =  85)  not  cer- 
tainly seen. 

,c  not  seen:  star  north 
of  d  (  =  99°,  9fM)  glimp- 
sed repeatedly:  very 
low,  and  field  not  very 
bright. 

x  not  seen,  saw  v  (Sl°, 
9f»). 

x  seen,  10  ±M;  very 
clear  —  good  seeing. 


The  variability  of  this  star  to  the  extent  of  two  magni- 
tudes seems  at  least   possible. 

Dorchester,  1912  Sept.  21. 
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MICROMETER   POSITIONS   OF   HALLEY'S   COMET,  MADE   WITH   THE   40-INCH 
TELESCOPE    OF   THE   YERKES   OBSERVATORY, 

By  E.   E.  BARNARD. 


The  following  measures  of  Halley's  cornel  are  a  con- 
tinuation of  those  printed  in  A. J.,  Vol.  26.  Nos.  605,  pp. 
43-44;  007.  p.  62  and  609,  pp.  76-77.  In  the  last  few 
observations  before  its  final  disappearance,  it  was  ex- 
ively  difficult,  partly  because  of  the  poor  condition  of 
the  sky.  I  think,  however,  that  in  each  case  the  objeel 
observed  was  the  comet. 

The  small  field  of  the  40-inch  (5'±)  makes  it  difficult 
to  secure  proper  comparison  star-  in  ol  ons  of  this 

kind.     It   lias  therefore  been   □  in  many  casi 

connect  the  comet  with  a  faint  star  near  it  and  then  to 
compare  this  with  a  known  star.  Tin1  positions  of  these 
intermediate  stars  are  given  in  this  paper,  as  the)  may 
soiii*  nl.     Some  of  the  comparison  stars  were 


sured  on  photographs  taken  with  the  10-inch  Bruce 

telescope  of  this  observatory.     It  is  to  be  hoped  that 

these  same  stars  will  be  observed   with  more  powerful 

photographic  telescopes  by  other  observers,  as  I  do  not 

ectly  satisfied  with  the  positions. 

A  few   limes  made  at  the  time  of  observation  are  given 

.  but  the  main  mass  of  notes  is  reserved  for  another 

paper  on  the  comet.     These  last  give  a  detailed  description 

of  the  naked  eye  appearance  of  the  comet,  and  I  think 

will  lie  of  service  to  astronomers  at  future  returns  of  this 

object.      Such    information    seemed    to    lie   sadly 

in  1010  in  connection  with  the  return  of  1835. 

The  times  throughout  are  Greenwich  Mean  Time 
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.1/  as  a  red  Positions  of  Comparison- Stars, 


(COMP.  STAR KNOWN    STAR). 
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24  tr. 

-   3  -D 

9 

10 

1910  Dec  20 
1912  Jan.   1  1  j 

13 

A.G.C.  4695 

-  0  27.35 

26  tr. 

3  49.3 

.". 

9 

1911  Jan.     3 

14 

B.D.  -is    3274 

+  0  24.68 

16  tr. 

-   2  17.0 

4 

lis 

1911  Jan      S 

15 

A.G.C.  4628 

-0     8.25 

11 

-   5  23.1 

10 

10 

1911  Jan.  22 

16 

c.  4553 

[  279.13] 

-0  19.61 

s 

-   3  50.6 

s 

13.0 

1911   Jan.  29 

17 

A.G.C.  4497 

f-2   13.19 

12  tr. 

-   3  21.2 

5 

12 

1911  Feb.  21  ) 

Feb 

18 

A.G.C.  4465 

-  1  59.53 

is  tr. 

-   4  54  1 

6 

10.5 

1911    Feb   21  ) 

Feb.  26 

19 

B.D.  -  15°  3164 

+  1   16.64 

28  tr. 

1     0.7 

s 

9.5 

Feb.  28  ) 

1911   Feb.  26 

20 

B.D.  -15°  3146 

[  180  86] 

-0  12.52 

6 

-    3  16.6 

5 

13.3 

Kill    Feb.  2s 

21 

B.D.  -15°  3134 

[  221.99] 

+  0  15.35 

6 

f   2  36.1 

.-» 

14 

1911   Fe 

22 

B.D.  -15°  3134 

[     53.29] 

-0     3.68 

5 

1    10.6 

5 

12.8 

1911   Mar.  19 

23 

H.C.i  >.  3967 

[     63.80] 

-0     4.36 

4 

-    3     4.4 

4 

11.5 

1911    Mar.  19 

23 

E.C.O.  3970 

-0  33.00 

12  tr. 

-    3  29.0 

5 

12 

r 

25 

LG.C.  3866 

[  659.9   | 

-  0  44.53 

-34  30.1 

12.5 

Photo 

25 

A.G.C.  3881 

[1594.7  J 

-1  47.50 

■ 

'.)   15  7 

1911  Apr.  24  " 

26 

A.G.C.  3866 

[  452.3  ] 

+  0  30.52 

-34  43.:i 

1 1 .5 

I 

26 

A.G.C.  3881 

[1802.3  ] 

-2     1.50 

9     2.4 

1911   Apr.  23 

27 

A.G.C  3856 

[  34-".  85 

-  0  23.27 

5 

13  5 

1911  Apr.  23  ) 
Apr.  25  j 

27 

A.G.C  3856 

-  0  23.41 

22  tr. 

-  0  17.0 

s 

Photo           ( 
1911  Apr.  24  j 

28 

A  G.C.  3848 

[  557.1  ] 

+  0  37.45 

-20  52.3 

12 

28 

A.G  C   3856 

[  625.6  ] 

-II   42  us 

-10  49.3 

28 

A.G.C  3861 

[1736.4  ] 

-1  56.81 

4-15  37.7 

1911   May     2 
May     7  [ 

29 

l.G.C.  :;s."G 

-1  34.64 

14  tr. 

-   0   12  5 

5 

13.5 

1911  May  23 

30 

B.D.  -5°2922 

+  0  42.08 

12  tr. 

-   0  35.1 

3 

11.6 

The  two  sets  of  observations  for  A«  of  star  11  and  star 
12  are  rather  discordant. 

m      s 

1910    Dec.  13  A«  0  28.76 
1912    Jan.  14  \  38 


The  measured  AS.  however,  are  perfectly  accordant. 
The  observations  made  on  1911  Feb.  26  for  A«  of  star 

19  ami  BD  -  15°  3164  do  not  agree  very  well  with  those 
of  Feb.  21  and  Feb.  2s. 
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1911     Feb.  21      A«  1  16.76 

26  1  16.45 

28  1  16.71 

The  measured  AS  are  st  ric-t  lv  accordant  on  the  three  dates. 


I  am  indebted  to  Professor  E.  C.  Pickering  for  posi- 
tions of  the  stars  Harvard  A.G.C.  3967  and  3970  and  to 
Professor  Slocum  for  the  position  of  star  31. 


Measures  of  Intermediate  and  Other  Si  irs 


1910       Dec.  11. 


Aa  [22.34]  -0  1  56 

-2  32.05 

[60.48]  +0  4.22 

+  3  30.62 


b  -  A 

c  -  b 

star  11  —  c 

d  —  c 

(Arg.  G.C.  16614  +Wash.  A.G.C.  4709). 

Ml  ll  III        S 

c  (10)     1910.0         «   12  2  54.96 
6  (9)  12  5  27.0] 


(3) 
(6tr.) 

I 
(6  tr 


AS 


-4  23.0 
-4  38.9 
-3  30.1 

+  4  40.9 


(4) 
(2) 
(3) 
(2) 


(9 


12  6  25.58 


17  11  9.2 
17  6  30.3 
17     6  28.3 


B.D. 

B.D. 


16  3402 

16  3409 


1911 


Jan.  8.         e  -  Wash.  A.G.C.  4628 
star  15  —  e 
star  15  -  Wash.  A.G.C.  4628 


A«  [105.24]  +0  7,39  (3 
[  11.76]  +0  0.83  I 
[117.80]  +0  8.27     (4) 


AS  -  3   12.1     (3) 

-  2  10.S     (4) 

-  5  23.2     (3) 


<    (13m)     1911.0  «■   11"  47'"   12-.49  S-  18°  21'  1".6 

1911     Jan.  22.     .Star    16  -  /  =  A«  +  [169".05]     0m  1P.88     (4)  AS 

/  (13m)  1911.0  u  llh  33m  38".53 
H.C.O.  3967  -  3970  =  A«  -  0m  28'.73   (16  tr.) 


18C   22' 


1911    Mar.  19 

1911   Mar.  19 

1911   Apr.  23.     Star  25 

1911  Apr.  25.     Star  28 


(B.O.  -  15°  3134)  -  (B.D. 


-  0'  27. "6 
35  ".6 

AS  +  0'  25".4 
15°  3127)  =  A«  --  1'"    19M9   (12tr.)  AS  +  0'  39".5 


Star  26  =  A«  +  [204".42]     0'"  13s.77 
h  =  A«  [33".74]  +0'"  28.27     (3) 


(4. 


AS 
AS 


0'  11".S 
3'     4".0 


(4) 

I 

I 
(4) 


Measures  on  a  photograph  made  1911  Apr.  24  give  h  (llm)  1911.0  a  9h  52m  17".S6        8-7°  31'  11". 1. 


1911  May  2  and  3.     g  -  B  =  A«  +  0m  47\00  (16  tr.) 

B  =  Wien  -  Ottakring  A.G.C.  3834. 

g  =  1911.0  9"  49m  25s.97  -  6°  54'  4S".3  =  B.D. 

Comparison  .-tar  31  <>i'  1911  May  23  .was  compared  micrometrically  with  B.D. 

1911  May  23.     Star  31  -  (B.D.  -  4°  2743)  =  A,«  [300". 79]  +0'"  20.1  1      (4) 
It  was  13th  magnitude. 


AS  +  0'  19".  1     (2) 

-6°  3025 
b   2743. 

AS  -  0'  23". s       i, 


Notes  on  the  Comet  at  the  Time  op  the  Measi  k 
L910. 
The   nucleus  was    colorless.       Position   angle   of    the 
"wings"  to  the  nucleus  oo°.7. 

May  31.     Sky  covered  more  or  less  with  hazy  clouds.     First  seen 
in  40  inch  at  1  !h  '_"".     First   seen  in  hazy  sky  with  naked  < 
14h  17'".     North  and  south  diameter  of  the  nucleus  4".<f  (1). 

J une  5.     It  was  first  seen  in  4  inch  finder  at  14''  it"1.     A.1    I5h  '-"" 
ucleus  was  a  very  small  point  with  a  brighi  haze  aboul  it 
diameter.     This  was  placed  in  a  very  dense  nebulosity  which  faded 
away  rapidly  and  was  '■'•'    -   I'  in  diameter.     The  nucleus  and  the 
small  nebulosity  about  it,  was,  as  a  whole,  about  'Jo  i    aitudes 

less  bright  than  the  comparison  star. 

at  1  lh  8m.     It  aint.     The 

us,  which  was  in  a  vi  g  condensation!  was  very  ill  de- 

and   him  ■ 

June  12.     The  nucleus  was  very  ill  defined       not  stellar,     h  was 

in  a  small  dense  nebulosity  5"  in  diameter,  which  d  ito  the 

bulosity  of  the  head,     'the  nucleus  was  perhaps  a  little 

nite. 


June  1  1.  The  nucleus  was  almost  stellar  and  about  \  magnitude 
less  than  the  comparison  star.  It  was  in  the  center  of  a  strong  con- 
densation which  rapidly  faded  to  a  diameter  of  about  1'.  the  sky 
was  thick  and  bright  with  moonlight. 

November  11.  The  comet  was  round,  very  little  brighter  in  the 
middle,  and  '/  in  diameter  Xo  nucleus.  It  was  13th  magnitude. 
In  a  good  sky  it  would  perhaps  be  as  bright  as  1 1th  magnitude. 

December  11.  Round,  gradually  brighter  in  the  middle.  It  was 
12th  magnitude  not  fainter  than  13th  magnitude  -and  }'  in 
diameter. 

December   13.  sky  and  with  i  bad 

seeing.     It  Mas  13th  magi)  I  ','  in  diameter,  not   specially 

brighter  in  the  middle,      in    the  last  part  of  the  observations  it 
very  easy  and  was  estimated  to  be  12th  magnitude. 

L911. 
Round    and    brighter    in    the   middle.      About 
loth  magnitude. 

\lioii  1th  magnitude.     Perhaps  the  previous 

estimates  have  i  ight.      It   appeared  fainter,  however 

than  imet    was   very   gradually 


diameter  and 
Jan 
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condensed  towards  the  middle  —  not  a  definite  small  condensation. 
Xo  trace  or  suggestion  of  a  nucleus.     Measured  diameter  18"  (1). 

January  22  Very  faint  in  moonlight  and  haze.  It  was  sur- 
prising that  it  could  be  seen  at  all  on  such  a  sky  and  with  i  moon. 
It  was  \'  in  diameter,  somewhat  brighter  in  the  middle,  but  with  no 
definite  condensation. 

January  29.     Estimated  13th  magnitude.    Seeing  excessively  bad. 

February7.  Estimated  134  magnitude.  Fainl  from  low  altitude. 
Measured  diameter  21"  (0.  This  would  not  be  the  limit  of  the 
nebulosity,  but  not  far  from  it.     Seeing  excessively  bad. 

February  21.  Round,  verj  gradually  brighter  in  the  middle. 
About  V  in  diameter  and  13th  magnitude.  Seeing  very  bad.  Later. 
at  19h  1-V",  the  sky  became  clearer.  The  estimated  magnitude  was 
14+;   measured  dian 

February  26.      Taint  in  hazy  sky  but  better  seen  in  the  last  p 
the  observations.     It   was  small  and  indefinite  and  brighter  in  the 
middle  to  possibly  a  faint   nucleus.     Estimated  magnitude  134  or 
14th.     Measured  diametei    26"  (1).     At    IS1'    10'"  it   was  very  easy 
the  sky  having  become  clearer. 

February  28.  The  comet  appeared  brighter  than  usual.  It  was 
certainly  not  fainter  than  13th  magnitude.  It  was  V  in  diameter. 
Round  and  gradually  brighter  in  the  middle  to  almost  a  nucleus. 

March  19.  It  was  very  noticeable  and  brighter  than  Fate's 
comet  (which  was  observed  earlier  in  the  night)  and  very  much 
larger.     Estimated  magnitude  13.5. 

April  1.     Estimated  magnitude  14. 

April  16.  Excessively  difficult  in  haze  and  seen  only  once  in  a 
while.  Round,  very  gradually  brighter  in  the  middle.  About  V  in 
diameter  and  1  1th  magnitude.  The  second  observation  on  this 
date  is  believed  to  be  the  better  one. 

April  23.  It  was  fainter,  about  141  or  1 5th  magnitude  and  10"± 
in  diameter.  On  this  date  a  nebula  was  observed  by  mistake  for  the 
comet.     Following  are  the  measures: 

J  Aa  +  226".5  (5)  =-f  0™  1.5V24 
'  {  \S  +  2'  49".2  (5) 
.The  comiiarisi.u  star  for  the  nebula  was  12th  magnitude,  and 
followed  the  comet  comparison  star  by  ah. .in  .V.'  and  was  about  the 
same  declination.  The  nebula  was  about  13th  magnitude,  5"±  in 
diameter,  with  perhaps  a  small  nucleus.  The  approximate  place 
was 

191  1.0  a  9"  53m.8        d  -  -  7°  42'.5 

A  note  says  "the  comet  was  about  \  as  bright  as  this  nebula  and 
larger." 

April  25.  The  comet  was  extremely  difficult,  loth  or  16th  magni- 
tude and  5"—  10"  in  diameter  and  a  very  little  brighter  in  the 
middle.  The  sky  was  very  poor  —  not  nearly  so  good  as  on  the 
23d.     The  comet,  however,  was  evidently  very  much  fainter. 

May  2.  Very  faint.  Sky  milky  with  moonlight  and  finally 
covered  with  clouds. 

May  19.     The  comet   v.  sively  difficult. 

May  23.  Excessively  faint  and  difficult.  Perhaps  ]'  or  V  in 
diameter  with  no  s]  ii  ensation. 

(  '(INCLUSION. 

The  increasing  proximity  to  the  n  the  Sun  and 

the  prolonged  twilight  made  any  further  observations 
with  the  4(1  inch  impossible.  In  a  better  sky  —  farther 
away  from  the  Sun  —  the  comet  could  have  been  followed 
much  longer  with  the  large  telescope.  It  was  a  much 
easier  object,  however,  at  the  firsl  observations  of  1909 
September,  because  it  was  then  more  definite  and  much 


141'  2  4™  31-  G.M.T.  nebula-star 


Photographic  Positions  (10-inch  Bruce  Telescope) 

of  Small  Stars  Near  Halley's  Comet  on  1911 

April  25. 

In  the  photographic  measures,  it  was  noticed  that  the 
comparison-star  for  Halley's  comet  on  1911  April  25 
was  one  of  a  number  of  small  stars  of  similar  brightness 
that  formed  a  scattering  group.  Some  of  these  stars  were 
measured  by  Miss  Calvert  on  this  plate  after  I  had 
measured  the  comparison-star  ami  before  the  plate  was 
disturbed.  It  was  decided  to  print  the  list  of  positions 
in  connection  with  this  paper  on  Halley''s  comet,  and  I 

List  of  Photographic  Positions. 


No. 

a   1911.0 

3  1911.0 

Est. 
Mag. 

B.D. 

B.D. 

Mag. 

h   m   s 

O          !' 

O 

1 

li  51  23.93 

-7  26  30.7 

-7  2925 

9.5 

2 

9  51  31. Sit 

-7  21  1  I.I 

9.7 

3 

9  51  36.72 

-7  28  3.7 

13 

4 

9  51  41,41 

-7  19  2.2 

12.1 

5 

9  51  42.36 

-7  30  52.2 

13 

6 

9  51  42.67 

-7  13  22.3 

-6  3033 

6.8 

7 

9  51  46.66 

-7  19  0.3 

-7  2926 

9.2 

8 

9  51  47.41 

-7  35  4.1 

13 

9 

9  51  48.67 

-7  33  46.2 

14.5 

10 

9  51  49.77 

-7  35  44.3 

14.5 

11 

9  51  53.36 

-7  16  57.5 

10.5 

12 

9  51  55.97 

-7  30  47.7 

14.5 

13 

9  51  57.82 

-7  26  38.4 

10.6 

14 

9  52  1.93 

-7  15  44.2 

13 

15 

9  52  11.55 

-7  24  16.2 

-7  2927 

9.4 

16 

9  52  11.88 

-7  11  11.8 

13 

17 

9  52  11.94 

-7  31  15.1 

10 

18 

9  52  15.17 

-7  15  31.1 

13.9 

19 

9  52  17.86 

-7  31  11.1 

-7  2929 

9.4 

20 

9  52  19.94 

-7  30  24.'.» 

15 

21 

9  52  19.94 

-7  17  55.4 

10.3 

22 

9  52  20.10 

-7  34  15.0 

14.5 

23 

9  52  25.72 

-7  27  57.1 

10.2 

24 

9  52  26.83 

-7  17  45.3 

13 

25 

9  52  28.91 

-7  38  6.9 

12. 

26 

9  52  31.94 

-7  30  21.5 

9.8 

27 

'.I  52  3H.02 

-7  19  48.2 

13.5 

28 

9  52  38.31 

-7  16  6.5 

9.7 

29 

-.1  52  38.64 

-7  24  50.3 

10.2 

30 

9  52  42.80 

-7  14  53.1 

12.8 

31 

9  52  42.82 

-7  27  51.1 

14 

32 

9  52  48.13 

-7  17  33.0 

13.5 

33 

9  52  49.14 

-7  28  31.5 

10 

34 

9  52  51.93 

-7  37  55.8 

13.5 

35 

9  52  52.75 

-7  24  54.4 

14.5 

36 

11  52  533i:, 

-7  15  23.7 

13.7 

37 

11  52  54.77 

-7  23  11.7 

-7  2930 

10 

38 

9  53  9.31 

-7  38  59.4 

10 

3(1 

9  53  9.97 

-7  26  30.3 

12.5 

40 

9  53  16.13 

-7  17  42.3 

14.5 

9  53  17.17 

-7  36  13.3 

12.5 

42 

'.I  .".3  22.88 

-7  24  24.S 

12.2 

43 

9  53  27.57 

-7  20  54.7 

12 

41 

11  53  28.30 

-7  29  11.7 

12.5 

45 

9  53  33.76 

-7  15  9.5 

11.5 
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give  it  here. 

estimated  by 
graph.     The 
probably  ver 
estimated  vis 
comet. 


The  magnitudes  of  the  brighter  stars  were 
the  aid  of  B.D.  stars  shown  on  the  photo- 
fainter  ones  are  a   rough  estimate  and  are 
y  uncertain      The  following   were   roughly 
uallv  at  the  time  of  the  observation  of  the 


No. 
17 
19 
20 
21 
23 
26 
33 


Mag. 

13 

11.5 

13.5 

12 

11 

12 

12 


In  these  measures  and  in  all  the  photographic  measures 
of  the  comparison  stars  for  Halley'.s  comet,  the  plate 
was  always  measured  in  two  positions  —  being  reversed 
180°  between  the  sets  of  measures.  The  positions  of  all 
these  stars  depend  on  the  photographic  place  of  star  19, 
which  was  measured  at  the  same  time  as  star  28  (No.  21 
of  the  present  list)  of  the  list  of  comparison-stars  for 
Halley's  comet.  Xo.  (J  is  Wien-Ottakring,  A.'  r.< '.  3848, 
the  position  of  which,  brought  up  is 


1911.0  «9"  51'"  42!.72 


7°   13'  22".4 


Observatory,  Williams  linn,  Wise,  1912  November  29 


A   SHORT   PROCESS   FOR   COMPUTING   AN    ELLIPTIC    ORBIT. 

By   Rev.  GEO.  M.  SEARLE. 


The  following  process  is  suggested  as  a  very  short  one 
for  computing  an  elliptic  orbit  from  observations  cover- 
ing a  short  interval  of  time,  with  as  great  accuracy  as  it 
is  worth  while  to  attempt  under  such  circumstances. 

I  )enoting,  as  usual,  the  radii  vectores  and  \  rue  anomalies 
by  r  and  u  for  three  places  in  an  orbit,  and  making 
«!  =  /:,  r3  sin  (/v.—  r.,)  etc.  and  6l  =  k(tt  —  t»)  we  have,  of 
course,  anil  with  sufficient  accuracy  for  such  a  case, 


//,  +  ii:. 


1 


2 

Now,  instead  of  introducing  this  into  a  general  dis- 
cussion, it  seems  simpler  to  compute  the  quantities  in  the 
first  member  for  some  assumed  values  of  the  geocentric 


distance,  ami    the    ratio 


which 


approximately 


known  as  being  the  ratio  of  the  time  intervals,  but  can  be 
obtained  more  accurately  if  desired,  after  one  assumption 
has  been  made  for  the  geocentric  distance;  and  the  process 
being  specially  intended  for  the  orbits  of  comets,  it  is 
easily  obtained,  with  sufficient  accuracy  from  some  para- 
bolic orbit  already  computed.  The  failure  of  t  lie  parabola 
to  represent  the  middle  place  is  caused  principal!}  .  or 
almost  entirely,  by  the  wrong  value  which   it   gives  for 

«i  +  n3  a,  .  ..      .    ,     .  . 

—  ;  nor  l>v  any  error  in  —  ;  specially  it  the  intervals 
n2  n , 

of  time  are  fairly  equal. 

Of  course  this  process  is  not  intended  for  cases  of 
abnormal  curvature  of  the  orbit,  such  as  would  occur  for 
small  heliocentric  distances. 

Now,  if  we  denote  the  excess,  for  any  assumed  value  of 
the  geocentric  distance,  of  the  second  member  over  the 
first  in  1 1  :  equation;    by   e,  it  will  be  evident  that 

the  assumed  value  of  the  distance  is  incorrect,  if  £  has  a 


considerable  value;  or  in  other  words,  if  the  distance 
assumed  is  that  which  corresponds  to  a  parabola,  that  the 
orbit  differs  materially  from  a  parabola.  We  have  then, 
to  find  for  what  distance  £  will  vanish.  It  will  of  course 
vanish,  approximately,  if  any  one  of  the  geocentric  dis- 
tances is  taken  as  zero.  Obviously,  they  could  not  all  be 
zero,  as  the  movement  of  the  centre  of  the  earth  is  not 
in  an  undisturbed  elliptic  orbit.  Still,  a  true  elliptic  orbit, 
satisfying  the  observations,  will  be  found  not  far  from  that 
of  the  earth. 

Denoting,  then,  the  geocentric  distances,  projected  on 
the  plane  of  the  ecliptic,  by  p,  p.,  ps  and  the  value  of  £  for 
p1=  0  by  £0 ,    we  may  fairly  assume  thai 

£  -  £0  =  a'  Pl  +  a"  Pl'-  -  a'"  Pl3  etc. 

in  which  a'  a"  a'"  etc.  are  unknown  constants,  t  )r  we  may 
put 


Pi 


=  «,'  +  a"Pl  +  fl"'Pi 


It  will  be  quite  easy  to  compute  £„  by  the  formulas 
lie  given  below;    but   it   is  hardly  worth  while,  as  we  are 
not  aiming  at    accuracy.     We  may   as  well,   practically, 

put  -    as  the  first   member  of  this  last  equation.     It  seems 

Pi 
o  be  better  to  use  it  than  the  previous  one  for  £  itsel 

the  first  differences  of  -  will  lie  practically  equivalent  to 

Pi 

the  second  differences  of  £. 

It  will  not  be  necessary  to  ascertain  the  values  of  the 
coefficients    a' a" etc.     The  value  of  Pl  which  will  reduce 

c  or  —  to  zero  can  be  ascertained  accurately  enough  by 

Pi 
simple  interpolation,  if  several   values  of  p,  betake: 
equal  intervals  preferably)  and  the  value  of  £  computed 
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from  them.     If  we  compute    -  for  these  values  of  pi.it 

Pi 

will  probably  lie  enough  to  have  two,  and  disregard 
second  differences.  And  one  of  these  may  be  taken  from 
a  parabolic  orbit  which  may  have  been  computed,  though 
it  will  be  as  well  to  simply  assume  an  approximately  para- 
bolic value  for  px  and  compute  c  by  the  formulas  below. 
If  it  lias  a  value  decidedly  differing  from  zero,  we  will 
assume  a  value  of  Pi  somewhat  smaller  (say  by  0.1);  for 
the  true  orbit,  if  elliptical,  should  lie  nearer  to  that  of  the 
earth  than  the  parabolic  one.  If  the  object  observed  is 
not  a  comet,  and  we  have  no  computed  parabola,  our 
assumptions  must  be  made  more  at  random;  and  a  third 
one  may  sometimes  be  advisable. 

The  formulas  for  computing  c  are  extremely  simple,  and 
require  no  preliminary  computation  of  constants  to  be 
used  with  them. 

One  very  convenient  feature  of  the  computation  of  t 

is  that  the  value  of  — 8  is  just  the  same  for  the  pro- 

jection  of  the  orbit  on  the  plane  of  the  ecliptic  as  for  the 
orbit  itself.  We  only  need,  therefore,  to  obtain  the 
heliocentric  longitudes  and  projected  radii  for  the  first 
and  third  places,  instead  of  the  anomalies  and  unprojected 
radii;  and  very  little  additional  work  suffices  for  the 
middle  unprojected  radius  rs. 

The  formulas  suggested  are  as  follows. 

First  we  have  to  compute  p3  =  Mpt  +  M'  for  which 
M  and  M'  may  have  been  already  computed  for  the 
parabola.  Denoting  the  geocentric  longitudes  and  lati- 
tudes by  A  and  ft  the  longitude  of  the  Sun  by  L,  and  the 
radius  vector  of  the  Earth  by  R,  we  have 


M 

M'  = 
in  which 


"'  V 
re, 


tan  ft     m  cot  ft  sin  (A,  -  L2)  -  1 
tan  ft      1  —  m  cot  ft  sin  (A3  —  L2) 

1_  cot  ft 

B2     \  —  m  cot  ft  sin  (A3  —  L2) 


-V, 


in  =  tan  ft  cosec  (  A2  —  L.< 
.V,  =  R„R3  sin  (L3  -  L.,) 
X,  =  R,R2  sin  (L2-  L,) 

We  now   compute,  for  the   first  and  third   places,  tan 

p.  =  -=     and,  denoting  the  heliocentric  longitude  by  /, 
K 

tan  [I  -  JfX  +  L)]  =  tan  i(k-L)  cot  0-45°) 

and,  denoting  the  projected  radii  by  /', 

r'  =  R  sin  (A  -  L)  cosec  (/  -  A) 

All  we  need  now  is  to  compute  the  same  quantities  for 
the  second  place,   and  the  unprojected  radius  r».      For 


this  we  have  onlv  to  make  tan  v  = 


n, 


which    gives 


From  this  we  have  /-./  as  for  the  first  and  third  places,  and 

tan  b2  =  m  sin  (/„  —  /... 
?-2  =  r2'  sec  62 

6  being  the  heliocentric  latitude,  and  m  the  quantity  so 
denoted  above,  in  the  formulas  for  M  and  M'. 

We  then  compute     -A—  best  by  the  formula 


n,  +  na      r,' 


v., 
1  +  -  )  sec  (la  -  I,) 


1  +  tan  v  cos  (L  —  /J  sec  (/3  —  L) 

as  this  formula  does  not  require  so  much  care  in  its  use 
or  in  the  preceding  work  as  the  more  obvious  one. 


am  1 


Pi 


are  now  readily  obtained. 


tan     p,  -  i  (l3  +/,)]  =  tan    \    (/s  -  /,)    tan    (45°  -  v). 


The  whole  process  of  obtaining  the  geocentric  distance 
should  hardly  take  much  more  than  an  hour. 


To  obtain  the  elements,  the  following  method  may  be 
convenient.  First  we  compute  O  and  i  from  the  first 
and  third  places  after  obtaining  the  heliocentric  latitudes 
and  unprojected  radii  by  the  formulas  already  given  for 
the  second,  in  which,  of  course  tan  ft  cosec  (At  —  Lt)  and 
tan  ft  cosec  (Aa  —  L3)  are  used,  instead  of  m  =  tan  ft 
cosec  (A2  —  L2).      We  then  have 

tan[£  0»+W— Q]  =  sin(68  b&i)  cosec  (b8-&i)  tan i(la  —  li) 

tan  i  =  tan  bt  cosec  (/    —  O)  =  tan  b3  cosec  (la  —  Q>) 

We  then  obtain  the  arguments  of  the  latitude,  u,  by  the 
formulas  tan  u,  =  tan  (Zi  —  fi)  sec  /'  etc.,  and  denote  uz—  u, 
by  2/,  etc. 

We  next  have  to  obtain  the  value  of  the  parameter,  p. 
To  do  this,  we  shall  need  the  intervals  of  the  eccentric 
anomaly,  2g,  etc..  corresponding    to  2/,  etc.      These  are 

r   /'■.  sin   / 
readilv  obtained  from  the  formula    sin2  q,  = 

"/' 
in  which  a  is  the  semimajor  axis.  As  ap  is  constant, 
this  formula  shows  that  if  a  triangle  is  constructed  with 
sides  =  s/rtrs  sin  fX)  V'"i  r-.s  sin  }., ,  V''i '':  sin  /3,  the  angles 
opposite  will  be  gi  180  —  g2,  and  ;/;;  respectively.  We  shall 
have  then,  dividing  all  these  sides  by  V'i  '■:  r3  ■  and 
sin  /, 


denoting 


VF, 


by  o-j  etc.  and  -'A^  +  <r„  +  <r3)  by  s, 


snr 


ih 


s(s  —  <T..) 


With    this    value    we    can    easily   compute   the   ratio, 
sector 


.  between   the   first  and   third    places.     Denoting- 


triangle 

this  by  r).,  we  have,  for  determining  it.  the  formula 


K  (%  -  1)  = 


0[Vr,/-,  cos  /,y 


sec  "  "'  </., 
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which  will  usually  be  quite  accurate  enough;    though,  if 

greater  accuracy  is  desired,  we  may  add  to  •/.,  the 

terms 

6         ,  61 

-  rr^z  tan  g-2  +  -— r-  tan"  oa  etc. 
175  J        2625 


Usually,  of  course,  the  value  of  %  can  be  obtained 
easily  from  172s  (172 — 1)  by  approximation,  first  dropping 
the  factor  q.r:  but  it  may  be  obtained  by  a  solution  of 
the  cubic,  as  follows 


cosec  a.  =  1  + 


9 


4     [Vr,r3<, 


(8  =  Vcot  '.,'. 
3  %  =  1  +  2  cosec  2  /3 

When   %  has  been  obtained,  p  readily  results  from 

%  ra  r3  sin  2/s 


V?;  = 


in  which,  of  ci 
Next,  we  make 


/•'  (fa     -  /, 


tan  7T 


tan  4  («3-f  /-,)  = 
1]  sin  <(  = 


col  I 
V 


>'~l 


P 

1    ] 


//1    tan  (77 

/' 


15 
1  Isei 


a  =  p  sec'  qi    and  the  rest  as  usual. 

To  find  what  accuracy  may  be  expected  from  this  pro- 
cess, we  will  take  three  observations  of  Daniel's  Comet 
of  1909,  as  follows: 


Greenw.  M.T. 

Dec.  7.6605 
14.4786 
21.2967 


93  29  25 

93  34  29 
93  25     1 


O  /  // 

+  11  20  is 
+  16  52  16 
+  21  46     0 


_*ci_>  22     0 
269  18  31 


log  R 

9.993398 
9.993072 
9.992815 


The  first  and  third  are  single  observations;  the  second 
is  the  mean  of  several,  reduced  by  the  geocentric  motion 
to  a  time  exactly  the  mean  of  the  first  and  third. 

These  observations  give  the  following  parabolic  orbit 
from  the  first  and  third,  with  the  intervening  time,  and 
the  ratio  of  the  first  and  third  distances  obtained  by  the 
second  observation. 


n 

i 


log  q 


Nov.  26.3258 

o  '  11 

73  26  13 
26  33  1 
1     34  30 

0.190447 


The  middle  place  is  represented  (O  —  C)  by  Aa  = 
+  1'  16"  Sfi  =  +1'  47".  It  is  not,  however,  necessary 
to  obtain  the  parabolic  orbit  exactly.  In  fact  an  approxi- 
mately parabolic  value  for  f>,(  =  .57432(1    was  assumed  to 


obtain  the  first  value  of  1 


The  value  of  log  -  taken 

Ms 


from  the  approximate  parabolic  orbit  as  0.000013. 

This  assumption  for  p,  gives  t  =  +.003889,  showing  a 
considerable  ellipticity.      A   value  less  than  this  by  0.1 

gives    e  =  +.001036.     From  these  we   have  for         the 

Pi 
values  +.006770  and  +  .0021*4  and  for  the  true  value  of 
Pi  approximately  0.4247. 

This  value  gives  the  following  elements: 

T  =  Nov.  28.3696 

O  I  II 

n  =  71  10  57 
i  =  19  59  0 
<■>  =  3  10  53 
q  =  38  55  21 
0  =  0.573852 
Period.  7.257  years. 

The  middle  place  (O  —  C)  is  now  represented  as  follows 
Aa  =    +2"     A/3  =    +4". 

<  >f  course  it  would  be  of  no  use  to  represent  the  places 
more  accurately,  unless  they  have  been  determined  with 

t  care.      And  usually  it   would  be  impossible  to  get 
a  very  accurate  result  from  so  short  an  interval. 

If  we  take  account  of  the  higher  differences  of  —  we  can 

Pi 

net  an  approximate  value  of  the  other  root  beside  the 
actual  one  and  the  one  very  near  the  earth.  We  find  it  in 
this  case  to  be  for  pt  =  —1.6,  roughly.  It  is  really  at 
about  —1.4,  winch  would  be  the  real  orbit  for  observa- 
tions differing  by  ISO0  in  -V.  and  having  the  opposite  sign 
in  /3  from  those  actually  made.      If  it  should  happen  that 

her  rool  v:>\  e  p,  positive.  Id  have  the 

of  the  double  orbit. 
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A   FORGOTTEN   THEOREM   OF   NEWTON'S   ON   PLANETARY    MOTION,   AND 
AN    INSTRUMENTAL  SOLUTION   OF   KEPLER'S   PROBLEM, 

By   E    .1.  WILCZYNSKI. 


If  the  mean  anomaly  M,  which  is  proportional  to  the 
time,  and  the  radius  vector  r  of  a  planet  be  considered  as 
rectangular  coordinates,  the  (M,  r)  curve  is  a  trochoid  if 
the  units  of  measurement  on  the  two  coordinate  axes  are 
properly  chosen.  This  is  an  immediate  consequence  of 
the  familiar  equations: 

M  =  E  —  esin  E  , 
r  =  a  (1 — e  cos  E). 

Xo  trace  of  this  theorem  is  to  be  found  in  any  of  the 
standard  books  on  planetary  motion.  Nevertheless  the 
theorem  is  not  new,  as  I  at  first  supposed,  but  was  known 
to  Sir  Isaac  Newton  who  gave  a  geometric  proof  of  it  in 
the  "Principia."  (*)  If  any  use  has  been  made  of  this 
theorem  of  Newton's  it  has  escaped  my  notice,  and  cer- 
tainly it  has  left  no  permanent  traces  in  the  modern  theory 
of  planetary  orbits. 


Since  a  trochoid  may  be  generated  by  a  very  simple 
hanism',  Newton's  theorem  is  very  useful  from  at 
least  two  points  of  view.  In  the  first  place,  it  furnishes 
an  intuitive  notion  of  the  functional  relation  between  the 
radius  vector  and  the  time,  which  leaves  nothing  to  be 
desired  in  the  way  of  clearness  and  simplicity.  In  the 
second  place,  the  theorem  enables  us  to  construct  a  simple 
instrument  by  means  of  which  the  radius  vector  may  be 
determined  by  mere  scale-readings  without  any  com- 
putation, thus  avoiding,  in  particular,  the  solution  of 
Kepler's  equation.  The  same  instrument  may,  of  course, 
be  used  to  solve  Kepler's  equation. 

Both  the  pedagogical  and  the  practical  point  of  view 
have  been  combined  in  the  design  which  accompanies  this 
paper.  An  instrument,  constructed  in  accordance  with 
this  design,  would  furnish  the  values  of  r,  approximately 


FORMULAE 
M*E-e  sin  £  ; 
*.=  /-e  COiE.- 


M=    MEAN  RHOMALY. 


FRONT-  V/£W. 


S£CTfON  A  L 
END -tlC  It. 


~*T 


*Sir  Isaac  Newton's  "Principia."    Reprinted  for  Sir  William  Thomson.    Propositi  XXXI.    Problema  XXIII,  p.  10S.     Glasgow  1871. 
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correct  to  three  decimal  places,  and  the  values  of  E  to  the 
nearest  minute  of  arc  In  making  the  design  the  practical 
question  of  cost  has  been  taken  into  account.  It  is  be- 
lieved that  the  instrument  as  designed  would  prove  to  be 
very  useful  in  dealing  with  the  minor  planets  and  periodic 
comets,  and  that  it  could  be  furnished  at  a  very  moderate 
price.  If  expense  were  a  matter  of  no  consequence  it 
would  be  possible  to  construct  an  apparatus  embodying 
the  same  general  principles,  sufficiently  accurate  for  all 
purposes,  thus  rendering  unnecessary  the  tentative  methods 
now  in  vogue  and  abbreviating  very  materially  the  numeri- 
cal work  involved  in  such  calculations. 

Mr.  M.  J.  Eichhorn  has  been  kind  enough  to  cooperate 
with  me  in  designing  the  instrument.  The  drawing  and 
the  detailed  explanations  which  now  follow  are  due  to  him. 

As  showoi  in  the  figure  the  instrument  consists  of  a  brass 
ruler  or  bar,  with  a  flange  along  one  edge  and  two  dove- 
tail shaped  projections  on  each  face.  On  these  projections 
are  mounted  two  triangular  sliders,  which  can  be  firmly 
clamped  to  the  rule.  Two  micrometer  screws,  one  on 
each  slider,  as  shown,  give  the  slow-motion  for  the  accurate 
setting  of  the  sliders.  Each  slider  is  provided  with  a 
vernier,  bearing  against  the  graduated  edge  of  the  rule, 
which  is  divided  into  half  millimeters.  Since  each  milli- 
meter represents  one  degree  and  the  vernier  has  thirty 
parts,  this  enables  us  to  set  to  the  nearest  minute.  The 
graduated  part  of  the  ruler  is  180mm.  and  the  ruler  itself 
is  300mm.  long. 

On  the  triangle  behind  the  ruler  is  pivotally  mounted 
the  disc,  which  rolls  on  the  edge  of  the  ruler,  anil  thereby 
generates  the  trochoids.  The  pivot-part  is  made  large 
in  diameter  and  flat  in  order  to  increase  the  accuracy, 
without  complicating  the  mechanical  construction  too 
much.  The  rolling  motion  of  the  disc  is  produced  by 
flanging  the  same  to  match  the  flange  on  the  ruler,  and 
laying  two  fine  flexible  steel  ribbons  between  these  flanges, 
with  one  end  of  each  fastened  to  the  disc  and  to  the  ruler. 
In  this  manner  an  absolutely  smooth  rolling  motion  is 
produced,  without  the  possibility  of  slip  or  lost  motion; 
a  condition  absolutely  essential  for  successful  use. 

The  near  side  of  this  disc  is  flush  with  the  top  of  the 
ruler,  and  half  of  its  circumference  is  divided  into  degrees. 
Since  each  degree  must  be  a  millimeter  long,  the  diameter 
of  the  disc  must  be  =  360/*-  =  114.59mm.     On  this  disc 


the  radius  at  the  zero-point  of  the  division  must  be  accura- 
tely marked  and  divided  into  100  parts,  each  of  which  will 
be  somewhat  larger  than  a  half  millimeter.  The  slider 
shown  on  the  front  projection  of  the  ruler  has  a  straight 
bevel-edge  accurately  at  right-angles  with  the  ruler  and 
this  bevel-edge  is  graduated  with  the  same  size  divisions 
as  the  radius  on  the  disc  and  in  such  a  manner,  that  the 
middle  point,  numbered  1.0  comes  over  the  exact  center 
of  the  disc,  and  further  so  that  the  line  if  extended  would 
pass  through  the  zero-point  of  the  vernier.  In  addition, 
the  other  triangular  frame  or  slider  must  be  so  adjusted 
that  the  zero-point  of  its  vernier  is  exactly  on  a  line  drawn 
from  the  center  of  the  disc  at  right  angles  to  the  rule. 

When,  as  indicated  in  the  figure,  the  graduation  on  the 
upper  edge  of  the  ruler  stands  for  the  eccentric  anomaly,  the 
graduation  on  the  lower  edge  of  the  ruler  stands  for  the 
mean  anomaly,  the  divisions  of  the  radius  on  the  disc  stand 
for  the  eccentricity,  and  finally  the  graduation  on  the  bevel- 
ed edge  of  the  front  triangle  stands  for  the  radius  vector, 
then  the  reading  of  the  verniers  and  the  intersection 
point  of  the  radius  mentioned  and  the  bevel-edge  give 
at  once  the  solution  of  the  formulae  M  =  E  —  e  sin  E: 
and  r  =  1  —  c  cos  E. 

As  M  and  e  are  usually  given,  the  directions  for  opera- 
ting this  mechanical  slide-rule  are  very  simple:  Move 
the  rear  slider  until  the  lower  vernier  is  set  to  the  value  of 
M.  Then  move  the  front  slider  until  the  bevel-edge  inter- 
sects the  radius  of  the  disc  in  the  point  e;  the  upper  vernier 
will  then  point  to  E  and  the  value  of  r  is  read  off  at  the 
intersection  point,  on  the  bevel  edge. 

It  goes  without  saying  that,  if  it  is  found  desirable,  this 
calculator  can  lie  carried  out.  mechanically,  in  a  far  more 
perfect  form  than  that  outlined  above.  Instead  of  the 
simple  ruler,  we  might  use  for  instance  the  most  perfect 
bed-frame  of  a  dividing  engine;  the  pivot  of  the  disc 
could  be  made  in  the  same  way  as  the  pivots  for  survey- 
ing instruments;  we  might  use  covered  graduations  read 
by  micrometer  microscopes,  etc.,  etc.;  and  in  this  manner 
the  instrument  could  be  made  to  give  results  accurate  to 
within  ten  seconds  of  arc,  or  perhaps  even  better.  These 
additional  complications,  would,  however,  make  the  in- 
strument less  instructive  for  educational  purposes. 

The  University  of  Chicago,  November  23,  1912. 


DOUBLE-STAR  MEASURES, 

By  HARRY    I  RAVIN   WOODS. 


The  following  measures,  mostly  of  Herschel  stars, 
were  made  with  the  lli-inch  refractor  of  Washburn 
College   Observatory.      The   means  given    for  angle  and 


distance    were    secured    in    almost   all    cases   from  four 
or    more    independent    settings. 


(3  GC  2     H.  1000 


1910.769 
10.772 
10.775 

1910.77 


204.0 
206,3 
205.9 

205.4 


7.42 
7.5S 
7.33 

7.44 


12  H.  1935 


1910.545 
10, -.oil 
10.5S0 
10.786 

1910.62 


S.2 
8.3 
8.6 

8.2 

8.3 


// 

i  i.e.:. 

14.95 

14.89 

1  1.95 

14.81 

34  H.  1938 


1910.556 
10.638 
10.786 
10.S16 

1910.70 


:U2.5 
342.8 
342.8 
342.0 


■A4-2. 


20.63 
20.69 
20  85 
21.15 

20  83 


5)7  II.  1010 


1910.827 
10.835 
10.843 

1010.84 


114.6 
L15.8 
115.6 

115.7 


19.S7 
19.34 
19.55 

19.59 
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586 

1910.769 
10.772 
10.S51 

H.  217 

61°8         12.51 
62.0         12.34 
62.3        12.40 

62.0         12.42 

07     H.  633 

143.7  9.56 
143.0          9.40 

143.3  9.44 

It:;:!          9.47 

H.  1072 
354.2         29.35 
354.5        28.67 
354.'.)         29.29 

354.5  29.10 

H.  2035 

336.8  32.49 

336.0  32.38 
337.::        32.71 

336.7        32.53 

H.  3424 
78.6         17.:;:. 
79.0         17.05 
79.3         16.84 

79.0         17.08 

H .  2038 
351.6*      26  55 

351.2  26.16 

350.4  26.65 

351.1  26.45 

)66     H.  341 

332.6  13.90 

332.4  13.64 

330.7  13.21 

329.7  13.58 

331.3  13,58 

r     H.  673 
196.1        21.15 
195.3        20.86 

195.9  21.19 

195.8  21.07 

H. 2230 
323.0        34.05 

322.5  34.04 
322.5        34.12 

322.7        34.07 

2285     ( 

1909.970 

9.997 

10.000 

10.016 

•  Z.  (App)  53 

173°.3         76T9 
172.6        70.33 

173.0  76.98 

172.6  76.55 

172.9        76.51 

H. 32S1 
261.4           5.49 

263.7  5.77 

262.3  5.91 

262.4  5.72 

H.  736 
A  B 

50.1  7.22 
50.9           7.12 

50.2  7.16 

50.4           7.17 

AC 

285.7          3.05 

286.2          3.14 

285.7  3.14 

285.9          3.11 

18     H.  442 
334.2         12.35 

335.1  12.16 
333.4        11.98 

334.2  12.16 

II.  781 

321.2  6.00 

320.4  5.85 
320.9          5.78 

320.8  5  ss 

H.  455 
341.7        10.63 
344.0        10.65 

341.7         10.42 

342.5  10.57 

H.  1164 
AB 

179.3  7.32 
180.3           7.13 

179.6  6.52 

179.7  6.99 

AC 
273,3        30.95 

272.8  30.98 

273.0        30.96 

5266 

1911.290 
11.298 
11  300 

H.  2513 

176.9 
177.4 
176.4 

176.9 

H.  3319 

4.1 

4.4 
4.0 

4.2 

H.  2522 

148.0 
146.8 
146.4 

147.1 

42     H.  2. 

68.5 
68.7 
68.1 

68.4 

H.  255 

207.6 
206.1 
200.5 

200.7 

H.  494 

329.9 
328.8 

320.4 

329.4 

H.  2602 

226.5 
225.5 
225.3 

225.8 

H. 121c 

19.5 
20.1 
20.4 

20.0 

H.  261C 

140.6 
140.8 

140.2 

140.5 

22.00 
22.86 
22.90 

22.81 

23.63 
23.44 
23.42 

23.50 

29.33 
29.56 
29.48 

29.46 

532 

13.28 
L3.25 

13.47 

13.33 

22.78 

23.34 
23. 19 

23.10 

29.12 
29.15 

29. 07 

29.31 

23.30 
22.91 

22.87 

23.03 

25.74 
25.52 
25.76 

25.67 

25.03 
24.98 
25.36 

25.12 

6240 

1912. 4S0 
12.483 
12.486 

H.  2618 

2017 

201,3 
201.2 

201.4 
11     H.  2( 

200.:-; 
265.3 
265.  S 

265.8 

H.  1226 

190.5 

189.8 
190  8 

190.4 

H.  2042 

176.5 

170.7 
174.8 

176.0 
H.  530 

2.S..S 

28.9 
29.1 

28.9 

H. 1232 
307.2 
306.6 
306.7 

306.8 

H. 1234 

21.7 
22.4 
22.0 

22.0 

H.  266S 

284.6 
283.5 
284.3 

284.1 

50     H.  21 

326.1 
326.5 
325.9 

326.2 

32.19 
31.78 
32.13 

1910.80 

p  Gi  '  6 
1910.769 
10.772 
10.77:. 

1911.30 

5314 

1911.290 
11.300 
11.311 

1912.48 

P  G< '  62 

L912.480 
12.483 
12.486 

32  03 

1910.00 

3293 

1909.970 
9.973 
9.994 

>19 

24.17 
23.90 
24.14 

1911.30 

5341 

1911.298 
11.309 
11.311 

1912.48 

6372 

1912.480 
12.483 
12.489 

24.07 

12.03 
11.73 
11.31 

1910.,  , 

613 

1910.76!) 
10.772 
10.775 

1909.98 

3498 

1910.167 

10.170 
10.172 

1910.77 

1911.31 

PGC  54 

1911.309 
11.311 
11.317 

1912.48 

6401 

1912.489 
12.513 
12.519 

11.68 

695 

1910.769 
10.772 

10.77:. 

1910.17 

p  Gt  ■  45 
1911.298 
11.303 
11.309 

9.00 

8.78 
8.66 

linn. 77 

703 

1910.769 
10.772 

10.775 

1911.31 

5677 

1911.317 
12.532 
12.544 

1912.13 

5700 

1911.317 
12.532 
12.544 

1912.51 

6472 

1910.474 
10.476 

10.49U 

8.81 

34.74 
34.60 
34.65 

1910.77 

1910.48 

6492 

1910  490 
10.493 
10.531 

34  00 

731 

1910.827 

10.835 
10.85  1 

1911.30 

153( 

1911.298 
11.303 

11,309 

12.44 
13.02 

12.64 

l'tlO  84 

1912.13 

6073 

1912.480 
12.483 
12.544 

1910.50 

6540 

1910.5  is 
10.553 
10,550 

p  G(  ■  2< 
1910.786 

10.830 
12.108 
12.116 

1911.30 

4740 

1911.298 

11.303 
11.314 

12.70 

- 

32.10 
32.28 

:;2.2s 

1912.50 

6104 

1911.317 
12.453 

12.464 

1910.55 

6544 

1910.545 
10.548 
10.553 

1911.46 

210" 

1910.786 

10.895 
12.108 

1911.30 

4926 

1911.290 
11.298 
11.300 

32.22 

> 

24.84 

24.90 
25.09 

1911  26 

1912.08 

6140 

1911.317 
12.453 
12.464 

1910.55 

P  GC65 
1910.474 
10.476 
10.490 

2  1.9,1 

2190 

1910.838 
10.860 
10.901 

1911.30 

1911.298 
11,300 

363 

51.81 
51.34 
51.62 

1910.87 

1911.299 

1912.08 

1910.48 

51.59 

158 


THE     ASTRONOMICAL     JOURNAL. 


N°-  644 


6570     H.  2667 


1910.545 
10.548 
10.553 

1910.55 


33.6  13.12 
33.6  13.37 
35.6        13.43 


34.3         13.31 


6604  H.  2676 

1910.54s  124.8        28.99 

10.553  125.0        28.99 

10.556  125.0        29.11 


1910.52 


124.9        29.03 


6617 


H.  2682 
A  B 
1912.480        279.8        26.17 
12.483        279.6        25.98 
12.486        279.3        26.31 


1912.48 


27(1.5 

26.15 

AC 

316.0 

46.48 

315.4 

16.82 

315.1 

16.88 

315.5        46.73 

6627     H.  2685 
1912.480        256.4         18.04 
12.483        257.3         17.76 
12.489        257.7         17.41 


1912. 48 


257.1 


17.74 


6628  H.  2680 

1912.546  153.7        22  23 

12.584  153.1        22.07 

12.590  153.4        22.62 


1912.57 


153.4        22.31 


0  GC  6651     H.  2689 
1910.556        310.8        26.48 
12.464        310.9        26.18 
12.467        310.2        26.26 


1911.83 


310.6 


26.31 


6684     II .  223 

1910.545        317.4  19.16 

12.41)7        316.9  18.S0 

12513        316.8  19.15 


1911.S5 


317.0 


19.04 


6691  H.  2694 

1912.535  83.9        38.91 

12.584  83.5        39.02 

12.590  84.1         39.59 


1912.57 


83.8        39.17 


6704     H.  2697 

1912.535  294°6 

12.544  294.0 

12.546  295.1 


1912.54 


294.6 


24.44 
24.53 
24.61 

24.53 


6730  H.  2701 

1912.524  35.3    12.75 

12.532  36.8    12.45 

12.535  35.2    12.39 


1912.53 


35. s 


12.53 


6736  H.  VI.  112 

1912.483  273.5    78.50 

12.508  274.2    78.96 

12.524  274.9    79.14 


1912.50 


274.2    78.87 


6744  H.  540 

1910.591  209.8 
10.630  208.8 
10.632   209.5 


1910.62 


209.  1 


8.91 
8.83 
9.10 

8.95 


13  GC  6745     H.  2703 
1910,561  6.4  7.87 

10.586  5.8  8.12 

10.591  (l.l  8.18 


1910.58 

6751 

1912.464 
12.467 
12.524 


6.2 

H. 1247 
135.1 
134.9 
133.4 


1912.48 

6815 

1910.403 
10.531 
10.545 


134.5 


8.06 


5.92 
5.61 
5.56 

5.70 


II.  2708 
314.6        22.87 
314.2        22.40 
314.0         22. 2N 


1910.52 


:;i  1.3 


22.52 


6826  H.  4674 

1911.339  279.2    17.48 

11.342  279.3    17.34 

12.532  277.2    17.89 


1911.74 


278.6 


17,57 


6862  H.  4679 

1911.339  306.6    16.27 

11.342  306.4    16.49 

12.532  306.2    16.23 


1911.74 


306.4    16.33 


7124  H.  2762 

1912.508  245?6  10*36 
12.513  245.9  10.67 
12.524    248.2    10.61 


1912.52 


7129 

1911.342 

12.508   146.6 
12  513    148.1 


246.6  10.55 

H.  2764 

147.7  18,50 


18.37 

18.33 


1912.12  147,5         18.40 

/36V  7205     H.  2773 
1912.480         145.9        28.48 
12.483        146.0        28.32 
12.508         144.9        28.54 


1012.40 


145.6 


28.45 


7305  H.  1274 

1912.480  309.0  6.75 

12.4S3  310.6  7.14 

12.508  308.5  7.10 

12.521  309.3  6.59 


1012,50          309.4  6.90 

7399     II.  573 

1912.508          65.8  13.85 

12.52  1          65.5  13.81 

12.582          64.7  13.94 

12.500          05.2  L3.90 


1912,55  65.3         L3.88 

7599     H.  4850 

1012.516        350. 8  6.22 


12.510 
12.522 

1012.52 

7684 

1012.510 
12.522 
12.535 


352.2 
351.1 


351.4 

H.  4869 

39.5 

3S.3 
39.9 


6.39 
6.06 

6.22 


9.05 
8.97 
9.10 


1912.52  39.2  9.04 

7760     H.  4888 
1912.511        205.5  8.22 


12,516  264,5 
12.519  264  I 
12.623        205.0 


i  .75 
7.52 

7.00 

1912,54  264.8  7.86 

7861     H.  2804 

1010.630         275,4  14.58 

10.032         270.4  14.71 

10.638        274.7  14.69 


1010.03 


275.5 


1  I  66 


P  GC  7960     H.  2805 


1910.605 
10.630 
10.742 
10.747 


156.7 
156.9 
156.5 
156.7 

150.7 


17,39 
17.70 
17.46 
17.51 

17.52 


1910.68 

8027     H.  2806 

1910.490         104.2  8.57 

103.4  8.63 

104.2  8.44 


10.493 

10,523 


8,55 


1910.50  193.9 

8039     H.  590 

1910.490        311.9  35.64 

10.493        311.6  35.52 

10.528        311.1  35.45 


1910,50  311.5        35.54 

8202  H.  4993 

1912,513  302.8        18.39 

12.522  302.8         18.89 

12  532  303.6         18.70 


1912.52  303.1         18.66 

8233  H.  4997 

1912.513  263.6        11.10 

12.51  i  282.2         10.73 

12.519  263.1         10.99 


1912.52        203.0  10.04 

8339     H.  5010 

1012.513  86.0         11.72 

12.522  so  1         11.84 

12.590  87.3         12.11 

12.023  85.5         11.95 


1912.56  85.6        11.90 

8341  H.  2S18 

1912.513  140.0        16.90 

12.519  139.2         16.40 

12.522  130.2         16.68 


191252           139.5  16.69 

/J  (7  C  8374     H.  1314 

1010.501          152.2  16.90 

10.605        151.5  16.78 

10  630        151.8  l  i.84 


1910.61  151.8        16.84 

8426  H.  2823 

1912.519  331.2        20.58 

12.532  631.0        20.57 

1263",  331.2        20.15 

12544  332.7         20.01 


12 
1912.54 


10.9 


20.08 


331.4        20.30 
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8431  H.V.  93 


1910.5S0 
10.600 

10.6H5 

1910.59 


136.2 
136.3 
136.2 

136.2 


54.01 
54.01 
53.78 

53.93 


8432  H.  856 

1910.4S7    242.6  24.92 

10.52S    243.7  24.53 

10.531   242.0  24.29 


1910.52 


24i'  8   24.58 

H. 2824 
74.8   22.34 


8435 

1910.52s 

10.537    74.4    22.64 
12.513     74.2    22.42 


1911.19 


74.5    22.17 

8445  H.  1316 

1910.580  258.S        14.83 

10.605  258.7        15.01 

11.311  258.5        14.69 


1910.83 


258.7 


14.84 


8452  H.  2826 

1912.519  80.7  8.78 

12.522  79.7  8.43 

12.532  Ml  sxn 


1912.52 


S0.5 


8.67 


j8  GC  8522     H.  1321 

19-11.339  83.6  9.24 

11.342  Ml  9.32 

11.777  81.9  9.89 

12.467  84.2  9.54 


1911.73 


83.c 


9.50 


8652     E-  21 

1910.791         101.9  5.92 

10.830        101.4  6.34 

10.851        101.6  5.  6 


1910.82 


101.6 


5.94 


8683  H.  2833 

1912,519  314.1         20.48 

12.522  314.5         20.70 

12.532  314.8        20.69 


1912.52 


314.5 


20.62 


1912.52 


8816  H.  2840 

1912.519  343.4  14.34 

12.522  344. 9  14.26 

12.532  345.7  14.79 


344. 


14.46 


9025     H.  1365 


1910  830 

10.851 
11.311 


325.5 

:;25.s 
324.2 


20  43 
20.44 
20.52 


1911.00  325.2        20.46 

9034  H.  2S54 

1910.747  18.0           S.4S 

11.777  47.1           8.25 

11.788  47.7          8.93 


1911.44  47.6  8.55 

9062  H.  1369 

1911.7ns  137.8  8.44 

12.467  139.7  8.21 

12.470  137  s  8.  is 

12,593  140.8  8.07 


1912,33  139.0  8.30 

P  GC  9065     H.  2855 

1910.742  199.9  10.17 
11.777        201.0  9.71 

11.785        197.8  9.96 

11.788        200.4         10.37 


1911.52  199.  s  10.05 

9072  H.  1367 

1910.528  62.7  13.79 

10.580  61.9  13.49 

10.605  62.8  13.43 


1910,57 


62,5 


13,57 


9086  H.  1371 

1910.537  88.6        10.89 

10.539  89.1         10.62 

10.5S0  89.8         10.98 


1910.55 


89.2        10.83 

II.  5096 

73.5        17.57 


9089 

19111. 52s 

10.539  73.7         17.95 

10.5S0  73.7         1757 

12.513  72.8        17.59 


1911.04 

9092 

1912.519 
12.532 

12.544 


73.4 


17.67 


H.  5097 

88.5  5.19 

88.0  5.5S 

86.2  5.41 


5.39 


1912.53  87.6 

9096     H.  878 

1910.528        339.2        20.81 


10.537 
10.630 

1910.56 


338.1 
338.3 

338.5 


21,39 
21.24 

21.15 


9098     II.  265 

1912.519  294.2 
12.522  294.5 
12.532        293.5 


1912,52 


294  1) 


12.62 


P  GC  9101     H.  1373 
1912.544        242.0  8.77 

12.546        241.6  8.95 

12.590        240.S  8.59 


1912.56 


241,5 


8.77 


9158  H.  2860 

1912.513  106.9        20.39 

12.532  106.9        20.36 

12.544  Hi",::        20.31 


1912,53  106.7        20.35 

9625  Es.  S3 

210.8    7.38 


1912.467 
12.470 
12.554 


211.4 
208.8 


7.06 
7.34 

7.26 


1912.50  210.3 

9806  Arg.  35 

1912.478  226.0    7.51 

12.554  225.1     7.39 

12.560  22s  7     7.37 


1912.53 


226.6 


7,12 


9887     II.  2928 
1910.580        3075         12.21 
10.605        308.2         12.81 
10.736        306.9        12.93 


1910.64 


307.5         12.65 


9898  H.  1473 

1910.591  139.6  10.38 

10.605  139.7  10.44 

10.630  139.4  10.77 


1910.61 


139.6         10.53 


9899  H.  902 

1910.580  16.3  6.95 

10.605  17.3  6.84 

10.630  14.6  7.27 

10.632  16.0  7.26 


1910.61 

P  GC 

1910.756 

10.851 

10.920 

1910.84 


16.0 

9900     H. 

346.4 
347.1 
347.2 


7.08 

1474 
12.39 
13.05 
12.97 


347.0 


12.80 


9901 

H.  903 

1910.851 

350.8 

10.51 

12.596 

353.9 

10.40 

12.015 

350.8 

10.66 

1912.02  351.8        10,52 

9904     H.  1476 

71.2        12.66 


1912.519 
12.593 
12.596 

1912.57 


70.6 
71.4 

71.1 


12.12 
12.63 

12.47 


9911     H. 904 

1910.756        316.7  27.78 

10.851         3170  27.49 

12.615        317.4  27.47 


1911.41 


317.2        27.58 


9917     H.  905 

1910s.-,  l         171.4  10.88 

11.777         171.2  11.19 

11.785        169.2  11.60 

11.788        171.0  11.02 


1911.55 

9920 

1911.788 
11.903 
12.522 
12.590 


1912.20 

10004 
1912.54  l 

12,546 

12.593 


170.7 

11.17 

H.  2930 

155.0 

28  17 

156.3 

28.03 

154.5 

28.22 

154.4 

28.14 

155.0 

2S.14 

H. 2939 

143.0 

10.03 

144.8 

10.01 

141.5 

9.77 

1912.56  143.1  9.94 

p  GC  10006     H.  909 

1912.544  127.0  11,44 
12.546  127.S  14.73 
12.560        128.3         14.66 


1912,55  127.7         14.61 

10045     Es.  27 

1910.830        159.2  4.17 

10.838        159.0  4.22 

11.777         158.7  4.16 

11.785        159.9  4.44 


4.25 


1911.31  159.2 

10065     H.  911 

1912,519  122.4  19.63 
12.532  123.8  19.62 
12,544         123.3         19.49 


1912,53 


123.2 
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10119     H.  1503 

1910.791          75.1 
10.838          74.'.i 
11.777          74.9 

15.64 
15.83 
15.66 

15.71 

7.49 
7. (is 
7. '.a 
.8.07 

7.80 

15.97 
16.00 
16.36 

16.11 

11.13 
11.13 
11.68 
11.40 

11.34 

135 

7.18 

6.55 

6.64 

6.79 

4.15 

4.11 
4.74 
4.04 

4.26 

8.66 
8.57 
8.52 

S.5.S 

10868     H.  3019 

1912.557        310.1         1*6.49 
12,3(13        310.3         16.24 
12.612        310.4         16.22 

nisr, 

1910.591 
10.843 
10.854 
10.895 

H.  1721 

274°.8          9*46 
274.9          8  97 
275.4          8  91 

275.3  9.17 

275.1           9.13 

H.  1722 

46.6         16.78 
45.9         17.00 

47.2  17.47 
45.5         17.4.") 
46.5         17.01 

46.3  17.16 

H.  1727 

221.4  30.02 
2215        29.71 
219.0        30.02 

220.6        29.92 

H.  172!) 

97.2  8.00 

97.3  7.78 
98.0          8.31 

97.5  8.03 

11     H.  30 

13.2  10.34 

13.3  10.76 

12.6  11.07 

11.4  10.64 

12.6        10.70 

H.  5384 

194.0        28.98 

193.4  28.80 

192.5  28.89 

193.3        28.89 

12193     H.  3174 

1910.605          17.7°          616 
10.851          17.9          5.87 
11.870          16.7          6.04 

1911.14            75.0 

10406     Es.  88 

1910.830        126.3 
10.838        126.8 
11.774         124.5 
11  788         125  2 

1912,59          310,3         16,32 

10870     Es.  97 
1910.83S        289.5           7.21 
10.901        288.7          7.07 
10.931         288  7           6.93 

1911.11            17  4          6.02 
12271     H.  1864 

1910.843        207.2        23.29 
10.860        207.1         23.27 
10.882        207.2        23.33 

1910.79 
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1910.591 
10.824 
10.830 
11.851 

11.870 

1910.86          207.2 

The  following  ma] 
interest  because  of  p 
change: 

5442 
1830       73.3 
1874       70.2     12.65 

1911  68.4     13.33 

6544 

1879  286.0     25.64 
1906     285.1     25.07 
1910     284.1     24.96 

6745 
1897       10.3       7.96 
1905         8.0       7.85 

1910  6.2      8.06 

7684 
1837      59.3 
1890      45.1       9.17 

1912  39.2       9.04 

Angle    apparently 
creasing  16'+  per  ye 

7864 
1830     283.8      .... 

1880  280.4     17.25 
1900     278.3     15.44 
1902     277.7     15.16 

1911  275.5     14.66 

9034 

1830       63.6      

loo!      55.2      7.18 
1905       51.8       7.80 
1909      50.8      8.07 
1911       47.6       8.55 

1910.89          289.0          7.07 
10872     H.  3020 

1911.777         114.6         26.22 
11.804        114.3        26.00 
11.878        114.5        25.94 

23.30 

•  be  of 
ossible 

H 

1911.31          125.7 

10411     1      89 

1912.522        200.0 
12.546        200.5 
12.628        199.7 

1911.19 

11498 

1910.824 
10.860 
12.532 

1912.56          200.1 

10541     Es.  1.34 
1910.79]           S3.6 

1911.82          114.5        26.05 
10876     H.  3021 

1911.777        237.4        23.43 
11.878        237.9        23.58 
11,895        238.5        23.66 

A. 
P. 

10.816          85.2 
10.S27          84.2 
10.830          83.8 

1911.40 

11501 

1910.843 

10.851 
10.854 

P. 

1911.85          237!)        23.56 
P  GC  10894     H.  1634 

1910.838        137.8        26.59 
10.895        137.7        26.98 
10.901        137.3        26.50 

Doo. 
/3. 

H. 
Gla. 

1910.82            8  1  2 

PGC   10619     Es. 
1912.546         196.9 

12.55/         L95.9 
12.560         1D4.8 

1910.85 

/3  GC  115 

1910.843 
10.851 
10.854 

10.934 

1910.88          137.6        26.69 
11021     Es.  100 

1912.554         157.4          4.22 
12.55-         159.7           4.17 
12.560        159.8          4.09 

1912.55          195.9 

10682     Es.  136 
1912.546        338.5 
12.554        336.5 
12. 55  7        337.0 

de- 
ar. 

H. 
Big. 

12.560        339.0 

1912.56          159.0          4.16 
11480     H.  1724 

1910.591         224.7         13.S5 
10.824        223.6        13.68 
10.827        224.  s         14.41 
10.830        224.4         14.08 

1910.87 

12155 

1910. sol 
11.870 
11.903 

- 

1912, 55          337  s 

10836     H.  1621 

1910.838        165.4 
10.901         164.7 
10.931        1645 

P. 

H. 
Mil. 

/3. 

lox. 

1910.89          164.9 

1910.77          224.4         14.(10 

1911.54 

A   NEW   TRAVELING   WIRE   MICROMETER  FOR   AX   EQUATORIAL, 

By  HERBERT  A.  HOWE 


Dr.  B.  Sthacke,  in  his  Dissertation  "Bearbeitung  der 
Beobachtungen  des  Planeten  433  Eros  in  seiner  Ent- 
deckungs-Opposition  1898-9"  has  given  quite  a  discussion 
of  personal  equation  for  asteroid  observation*.  When 
this  recent  publication  fell  into  the  writer's  hands  a  few 
months  ago  he  decided  to  try  a  traveling  wire  micrometer 
for  asteroid  observations  with  the  20-inch  equatorial  of 
the  Chamberlin  Observatory,  in  order  to  see  whether 
personal  equation  would  practically  vanish. 


Early  in  the  spring  of  1912  the  Bruce  micrometer  was 
therefore  put  into  the  hands  of  Mr.  Frank  Heitzler,  a 
skilled  instrument  maker  of  Denver,  to  have  a  traveling 
wire  added  to  it;  it  was  already  equipped  with  a  set  of 
eleven  fixed  wares  in  right  ascension,  and  with  a  movable 
set  of  wires  for  measurements  of  differences  of  declination. 
The  box  for  the  traveling  wire  has  a  total  thickness  of 
five-eighths  of  an  inch,  and  is  on  the  top  of  the  old  box, 
being  so  attached  to  the  latter  that  it  can  be  removed  at 
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any  time,  the  micrometer  then  resuming  its  former  con- 
struction. The  original  sliding  plate  earning  the  eye- 
piece in  two  directions  at  right  angles  to  each  other  was 
taken  off  the  old  box  and  put  on  the  new.  and  is  now  : 
sarily  further  from  the  wire  system  than  previously. 
Had  the  eye-piece  employed  been  of  high  power  and 
consequent  short  focal  length,  this  would  have  been  im- 
possible, or  at  least  highly  inconvenient. 

Prof.  John  F.  Hayford.  in  Appendix  No.  8  of  the  Report 
for  1904  of  the  U.  S.  Coast  and  Geodetic  Survey,  has  given 
much  information  about  a  transit  micrometer,  which  led 
to  the  adoption  of  five  seconds  and  a  fraction  as  the  time 
of  revolution  of  the  hand  shaft,  twenty  as  the  number  of 
breaks  of  the  circuit  while  a  bisected  equatorial  star  is 
being  observed,  and  one  and  a  half  inches  as  the  diameter 
of  the  drums  by  which  the  hand  shaft  is  driven. 

As  the  instrument  has  now  been  working  satisfactorily 
for  three  months,  a  description  of  some  of  the  details  of 
its  construction  may  be  helpful  to  some  one  who  may 
wish  to  transform  his  micrometer  similarly.  It  is  not 
known  to  the  writer  that  a  traveling  wire  micrometer 
has  heretofore  been  used  on  an  equatorial. 

1.  The  traveling  wire  is  a  single  spider-web  mounted 
on  a  frame  which  is  driven  by  a  screw  having  twenty 
threads  to  the  inch,  one  revolution  of  the  screw  being 
33*.5.  Hence  for  an  equatorial  star  one  revolution  of 
the  screw  is  accomplished  in  2'. 23.  On  the  outer  end  of 
the  shaft  of  the  micrometer  screw  is  a  head  two  inches 
in  diameter,  divided  in  hundredths  of  a  revolution.  Be- 
tween this  head  and  the  micrometer  box  are  the  contact 
drum  carrying  the  break  circuit  blocks,  and  a  spur  gear 
three-fourths  of  an  inch  in  diameter  used  for  driving  the 
screw.  The  spur  gear  is  fast  on  the  shaft,  while  the  con- 
tact drum  and  the  divided  head  are  adjustable.  The 
metallic  contact  drum  is  an  inch  in  diameter,  and  in  its 
cylindrical  face  are  imbedded  two  break  circuit  blocks 
of  red  fiber.  These  blocks  are  a  third  of  a  revolution 
apart,  and  each  holds  the  circuit  open  for  0M1  when  an 
equatorial  star  is  transiting.  Since  the  clock  breaks  on 
the  chronograph  sheet  are  only  about  0s. 04  in  length,  the 
breaks  caused  by  the  fiber  blocks  will  rarely  be  confounded 
with  them.  Even  at  80°  of  declination  the  breaks  due 
to  the  fiber  blocks  would  be  less  than  two-thirds  of  a 
second  in  length,  and  would  therefore  not  obliterate  two 
successive  second  marks.  The  instrument  maker  was 
instructed  to  set  the  fibre  blocks,  so  that  the  breaks  would 
occur  when  the  micrometer  head  read  0.333  and  0.667. 
One  revolution  of  the  screw,  when  an  equatorial  star  is 
under  observation,  therefore,  gives  two  breaks  0.74 
apart.  After  the  second  of  the  two  breaks  a  time  interval 
of  l8. 49  elapses  before  another  break  comes.  Since  twenty 
breaks  constitute  one  complete  set  of  observations  they 
necessitate  ten  revolutions  of  the  micrometer  screw,  which 


occupy  22".3  for  an  equatorial  star.  This  time  might 
have  been  much  shortened  by  having  a  larger  number  of 
fibre  blocks  on  the  contact  drum,  but  it  was  thought  best 
to  spread  the  observations  over  considerable  time,  because 
variations  of  refraction  sometime*  displace  a  star  slightly 
for  two  or  three  seconds,  and  when  the  instrument  is  not 
in  the  meridian  these  displacements,  even  if  wholly  in 
altitude  (as  they  are  not  always),  would  affect  the  bisection 
by  the  traveling  wire. 

On  the  contact  drum  rests  a  small  wedge-shaped  piece 
of  metal  mounted  at  the  extremity  of  a  light  spring  which 
keeps  it  pressed  against  the  drum;  this  contact  spring  is 
insulated  from  the  micrometer  box;  the  bearing  edge  of 
the  wedge  is  parallel  to  the  geometric  axis  of  the  drum. 
No  relay  is  used,  but  a  low  voltage  current  runs  through 
the  clock,  the  chronograph,  the  contact  spring  and  the 
drum,  being  broken  by  the  fibre  blocks,  as  the  drum 
revolves.  The  spring  and  drum  therefore,  simply  replace 
the  usual  break  circuit  key.  A  sounder  in  the  dome  room 
enables  the  observer  to  hear  every  break  in  the  circuit. 
If  either  the  driving  weight  of  the  chronograph,  or  the 
pen  carriage  is  near  the  end  of  its  run,  a  buzzer  in  the 
dome  room  is  automatically  set  off.  to  warn  the  observer. 

2.  The  driving  shaft  for  the  micrometer  screw  is 
situated  near  one  end  of  the  micrometer  box.  and  carries 
a  two-inch  spur  gear  having  eighty  teeth  which  mesh  with 
those  of  an  equal  idler  which  in  turn  engage  the  spur  gear 
on  the  shaft  of  the  micrometer  screw;  this  last  gear  has 
thirty-two  teeth.  Hence  one  revolution  of  the  hand  shaft 
euu-i's  two  and  a  half  revolutions  of  the  micrometer  screw, 
which  take  place  in  5s. 6  for  an  equatorial  star.  Tin 
hand  shaft  is  about  fifteen  inches  long:  at  each  of  its 
extremities  i-  Fastened  a  corrugated  ebonite  drum  three- 
quarters  of  an  inch  in  diameter  and  seven-eighths  of  an 
inch  in  thickness.  Next  to  this  drum  on  the  shaft  is 
another  one  of  equal  thickness,  an  inch  and  a  half  in 
diameter.  The  larger  drums  are  used  to  drive  the  shaft 
during  the  observations;  the  small  drums  are  used  in 
quickly  returning  the  traveling  wire  to  its  original  position 
when  the  observation  of  the  first  object  is  finished;  this 
return  is  easily  accomplished  in  three  seconds. 

Fixed  spider  webs  in  the  field  of  view  define  the  limiting 
positions  of  the  traveling  wire  during  the  twenty  chrono- 
graphic  breaks  which  constitute  a  series  of  observations. 
Since  the  bisection  of  the  star  is  begun  before  it  gets 
between  the  limiting  spider  webs,  a  special  device  is 
necessary  so  that  chronographic  signals  shall  not  be  made 
till  the  traveling  wire  is  between  the  limiting  fixed  wires. 
To  accomplish  this  the  central  portion  of  the  hand  shaft 
is  a  screw  of  a  half  inch  pitch  on  which  rides  a  contact 
block,  which  by  a  broad  flat  spring  is  kept  pressed  against 
a  bar,  as  the  block  slides  along.  The  bar  and  the  spring 
are  both  insulated  from  the  micrometer  box,  and  a  bind- 
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ing  post  on  the  box  holds  a  wire  for  the  current.  As  long 
as  the  contact  block  is  pressed  against  the  bar  the  current 
flows  from  the  light  contact  spring  previously  mentioned 
through  the  drum  into  the  micrometer  box,  thence  into 
the  hand  shaft  and  through  the  contact  block  to  the  bar, 
and  then  to  the  chronograph.  Its  flow  is  interrupted 
intermittently  by  the  moving  fibre  blocks  on  the  contact 
drum.  But  when  the  twenty  records  have  been  made  on 
the  chronograph  the  contact  block  strikes  an  insulated 
inclined  plane  which  forces  it  away  from  the  contact  bar 
and  breaks  the  circuit.  The  contact  block  quickly  reaches 
the  summit  of  the  inclined  plane,  and  then  slides  along  a 
thin  metallic  strip  which  lies  on  the  face  of  the  contact 
bar,  but  is  insulated  from  it.  There  is  a  similar  inclined 
plane  and  metallic  strip  at  the  beginning  of  the  run-way 
of  the  contact-block;  this  keeps  the  circuit  open  while 
the  star  is  being  bisected,  before  the  chronographic  records 
begin. 

3.  It  is  always  necessary  for  accuracy  that  the  microm- 
eter screw  pull  the  frame  holding  the  spider  web,  work- 
ing against  the  counter  pull  of  the  reaction  springs.  But 
in  different  positions  of  the  instrument  the  star  images 
move  sometimes  toward  the  micrometer  head  and  some- 
times away  from  it.  Therefore,  in  order  that  the  microm- 
eter screw  may  always  be  pulling  the  spider  web  frame 
during  the  chronographic  observations,  the  micrometer 
box  is  turned,  when  necessary,  180°  in  position  angle.  So 
that  this  may  be  done  quickly,  without  reading  the  posi- 
tion circle,  adjustable  stops  are  provided  which  allow  the 
circle  to  be  turned  just  half  way  round. 

If  the  comparison  star  differs  only  a  few  seconds  in  right 
ascension  from  the  asteroid,  it  may  be  desirable  to  measure 
An  and  A3  directly  while  the  driving  clock  is  running. 
Thus  An  may  be  measured  by  the  traveling  wire  in  con- 
nection with  the  central  fixed  wire  of  the  reticule.  The 
integral  revolutions  of  the  screw  which  drives  the  traveling 
wire  are  marked  off  on  a  straight  scale  which  lies  on  top  of 
the  1  >ar  against  which  the  contact  block  presses.  A  pointer 
mounted  on  the  contact  block  travels  along  this  scale 
the  readings  of  which  are  taken  with  great  ease,  since  each 
division  on  it  is  one-fifth  of  an  inch  in  length.  AS  is 
easily  obtained  with  the  main  screw  of  the  micrometer 
which  is  at  right  angles  to  the  screw  which  drives  the 
traveling  wire.  This  main  screw  carries  two  movable 
Chamberlin  Observatory,  October,  1912. 


heads  in  addition  to  the  one  which  is  fast  on  the  shaft. 
So  it  is  possible  to  make  four  bisections  of  a  star  with  one 
of  the  declination  wires  before  removing  the  eye  from 
the  eye-piece  to  take  the  readings.  This  is  accomplished 
in  the  following  way:  all  three  heads  are  set  so  that  the 
reading  of  each  is  25.000  revolutions.  Then  a  side  screw 
which  shifts  the  whole  box  is  turned  till  the  star  is  bisected; 
thus  the  first  reading  is  25.000.  Next  the  micrometer 
screw  is  turned  for  another  bisection  of  the  same  star, 
and  one  (if  the  movable  heads  is  clamped.  Still  another 
bisection  is  made  and  the  second  movable  head  clamped. 
The  fourth  bisection  is  then  made,  the  corresponding 
reading  being  on  that  head  which  is  fast  on  the  shaft. 
The  three  drum  readings  may  then  be  read  and  recorded. 
4.  The  steps  of  the  usual  program  for  employing  the 
traveling  wire  when  an  asteroid  and  its  comparison  star 
drift  successively  through  the  field  and  it  is  desired  to 
measure  AS  also,  are  given  below: 

(a)  Two  declination  bisections  of  the  asteroid  are 
made  with  the  main  screw. 

(b)  The  asteroid  is  bisected  by  the  traveling  wire 
which  is  driven  till  the  twenty  chronographic  records  have 
been  made,  and  the  circuit  automatically  broken. 

(c)  Two  more  declination  bisections  of  the  asteroid 
are  made. 

(d)  The  micrometer  readings  for  the  declination 
bisections  are  recorded. 

(e)  The  traveling  wire  is  moved  quickly  back  to  its 
original  position. 

(/)  The  star  is  observed  in  the  same  manner  as  the 
asteroid. 

At  present  Eros  is  undergoing  observation  by  the  above 
method;  it  is  also  being  observed  each  evening  by  the 
chronographic  method  of  transits  over  ten  fixed  wires,  in 
order  to  determine  the  relative  personal  equation  between 
the  two  methods.  The  chief  difficulty  in  obtaining  accu- 
rate observations  with  the  traveling  wire  seems  to  be  varia- 
tion in  the  speed  of  the  wire  when  the  hand  shaft  is  turned 
by  the  thumb  and  fingers.  Plans  have  therefore  been 
formed  for  driving  the  traveling  wire  by  a  small  motor 
actuated  by  the  ordinary  house  current  (110  volts.  60 
cycles,  single  phase) ;  the  speed  of  the  wire  will  vary  from 
full  to  one-sixth  of  that  amount;  the  construction  of  the 
mechanism  is  well  advanced. 
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These  measure?  were  taken  in  the  x  and  y  co-ordin: 
that  is  A«  cos  S  and  AS,  with  the  driving  clock  running. 
One  thread  was  made  tangent  to  a  limb  of  the  planet  and 
another  was  placed  over  a  satellite.  For  each  co-ordinate 
four  measures  were  made,  which  were  arranged  symmetri- 
cally, so  as  to  have,  for  example,  preceding  limb,  following 
limb,  following  limb,  preceding  limb.  Also,  the  co-ordi- 
nates were  measured  symmetrically  among  themselves. 
as.  for  instance.  //,  x,  x,  y.  For  the  seci  ind  x  and  the  second 
second  y  the  position  circle  was  changed  by  ISO0  from  the 
setting  for  the  first  x  and  the  first  y. 

To  obtain  the  co-ordinates  as  printed  the  following 
corrections  have  been  applied  to  the  measures:  (1)  for 
differential  refraction,  according  to  Frederick's  tables 
prepared  for  the  Naval  <  >bservatory,  that  is.  Appendix 
III  of  Vol.  IV,  Second  Series;    (2)  for  instrumental  con- 


stants, computed  according  to  the  formulas  and  with  the 
notation  of  the  same  tables,  but  with  slightly  modified 
values,  deduced  from  later  determinations  than  those 
given  in  the  tables;  (3)  for  the  phase  of  the  planet,  so  as 
to  obtain  co-ordinates  of  the  satellites  referred  to  the 
planet's  center.  The  data  for  phase  were  taken  from  the 
British  Nautical  Almanac.  (4)  for  the  motion  of  the 
satellites,  to  reduce  the  mean  of  four  measures  to  the  mean 
of  the  corresponding  times. 

The  values  of  the  instrumental  constants  used  in  these 
reductions  are:  V  =  +  110".8,  $  =  -64".9,  c  =  +114". 6, 
?!=  +54".6,  e  cos  <t>  =  +  3".66,  /  =  +0°.014.  Below  are 
given  the  values  of  the  constants  determined  since  the 
preceding  values.  See,  also,  the  report  of  the  Superin- 
tendent of  the  Naval  Observatory  for  the  year  1910. 


Date  Temp.  F 


Temp.  F       s  cos  <ji 


1910 

Aug.   19 

Sept.       7 

Oct.    10 

10-11 

1911 

Jan.    30 

Feb.     4 

'  Apr.   24 

Julv  14-15 

17 

Sept. 

1912 

Feb. 


18 


Mar. 

Julv 

Dec. 

IMS 

Feb. 


9 
13 
25 
26 
15 
12 

12 


71.2  +113.3 
77.5  +109.8 
59.(5         +114.0 


42.S 

50.7 

71.8 
65.6 

24.4 


49.8 

76.8 
27.S 

20.0 


+  114.8 
+  113.3 

+  112.6 

+  113.4 

+114.6 


+  112.8 
+  113.8 

+  114.!) 

+  113.9 


-57.6 
-58.6 

-58.8 


-59.0 
-58.7 

-59.1 
-59.7 

-64.7 


-61.5 
-59.0 
-64.0 

-63.5 


-68.2 
68.9 
75.3 


63.5 

-68.9 

-72.2 
-73.4 

-60.2 


-66.3 
-69.5 

-70.7 

-63.7 


.  d.i 

65.2 
35.7 

51.2 
75.2 

63.6 


24.3 
35.7 

76.8 
24.2 

23.3 


+97.4 

+91.4 
+  91.9 


+88.4 
+83.9 


+81.4 
+82.1 


+  92.6 
+89.2 

+83.0 


+  116.0 

+  113.7 
+  116.3 


+  112.8 
+  111.4 


+  113.3 
+  109.6 

+  115.3 
+  117.4 


I    COS   v1 
If 

+ 1 .9 

+  2.4 
+  7.7 

+3.9 
+4.6 


+87.7         +111.2         +2.9 


+  2.7 
+  1.9 

+  1.5 

+  3.5 


+  115.3         +6.8 
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The  object  glass  was  removed  from  its  cell  and  cleaned 
on  1012.  November  13. 
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For  the  determination  of  £  it  is  assumed  provisionally 

that  e  cos  <f>  is  +3". 66.     Of  the  above  given  instrumental 

ants  the  values  corresponding  to  1910.  Aug.  19  and 

7  were  determined  by  myself,  the  rest  were  observed 

by  Messrs.  Eppes  and  Burton. 

The  value  of  the  micrometer  screw  used  for  these  meas- 
ures is  R  =  9".9337  +O".O00O6  (1°  -  50°F),  which  was 
determined  by  myself.  The  value  of  Professor  See  is 
R  =  9".9328  -  0".000055  (t°  -  28°F).  See  Vol.  VI  of 
the  Naval  Observatory,  Second  Series,  p.  A  XVI. 

For  the  observations  the  eye-piece  3C  was  employed, 
which  is  referred  to  in  Vol.  VI,  p.  A  XXIII.  It  has  a 
magnifying  power  of  360.  One  half  of  the  front  of  the 
eye-piece,  near  the  focal  plane,  was  covered  by  a  semi- 
circular piece  of  red  glass,  behind  which  the  planet  w:  - 
placed  when  the  measure-  were  made.  With  this  arrange- 
ment the  planet  and  the  satellites  were  not  in  qu'te  the 
same  focus.  The  eye-piece  was  focused  on  the  satellites. 
At  the  opposition  of  Mars  in  1911,  at  the  suggestion  of 
Assistant  E.  D.  Tillyer,  a  piece  of  microscope  cover  glass 
was  mounted  in  front  of  the  whole  area  of  the  eye-piece 
lens.  Half  of  the  cover  glass  was  smoked,  and  the  planet 
was  placed  behind  the  smoked  portion. 

Circular  elements  of  the  orbits  of  the  two  satellites 
were  assumed  as  follows  for  1909,  September  20.5,  Paris 
mean  time,  corrected  for  aberration  time: 


Phobos 

Di 

E 

86°.521 

66°.906 

X 

47°.7S7 

43°.827 

I 

36°.488 

37°.341 

a 

8".491 

21".246 

The  values  of  a  correspond  to  the  mean  distance  of  Mars 
from  the  Sun  =  [0.18290].  The  mean  daily  motions  were 
taken  as  equal  respectively  to  1128°.84396  and  285°.16198. 
The  observation  times  as  given  have  been  corrected  for 
aberration  time.     Bv  means  of  the  formulas  of  Bessel 


given  in  Band  9  of  the  Astronomische  Nachrichten  places 
of  the  satellites  were  computed  from  the  assumed  elements 
for  the  times  of  observation,  and  observation  equations 
were  formed  for  the  correction  of  the  assumed  ele- 
ments. 

Each  observation  equation  corresponds  to  the  mean  of 
four  pointings,  and  is  taken  in  the  sense  computed  minus 
observed. 

In  the  observations  of  Phobos  half  weight  is  given  to  the 
second  equation  for  y  of  August  24,  to  the  second  equation 
for  y  of  September  13,  and  to  the  second  equation  for  x 
of  October  2.  In  the  observations  of  Deimos  half  weight 
is  given  to  the  second  equation  for  x  of  August  26,  and  to 
the  equation  for  x  of  October  2.  All  other  weights  are 
unity. 

The  last  two  observations  of  Deimos  of  September  10, 
and  the  first  two  of  September  24  were  made  by  ,1.  B. 
Eppes. 

Since  the  chiving  clock  of  the  26-inch  equational 
periodic  errors,  it  was  apparently  more  difficult  to  make 
the  measures  in  the  A«  cos  S  co-ordinate  than  to  observe 
the  differences  of  declination.  Therefore  the  observation 
equations  for  corrections  to  the  assumed  elements  have 
solved  twice,  double  weight  being  given  to  the  y 
measures  in  the  second  solutions.  In  the  case  of  Phobos 
the  weights  employed  are  109/165  and  218/165.  for  the 
x  and  y  equations  respectively.  For  Deimos  the  weights 
are  112/168  and  224,  168,  or  2/3  and  4/3. 

Both  sits  of  residuals  are  obtained  by  substituting  in 
the  weighted  equations.  As  to  the  periodic  errors  of  the 
driving  clock  see  Vol.  VI.  p.  A  VI.  as  well  as  the  reports 
of  the  Superintendent  of  the  Naval  Observatory  for  1910 
and  1911. 

The  two  solutions  for  each  satellite  agree  well,  as  they 
ought.     Alost  of  these  computations  were  made  by  M<  --  s. 
Eppes  and  Burton,  assistants,  though  portions  of  them 
were  made  by  Messrs.   Frederickson  and  Watt-. 
sistants,  and  bv  myself. 


Phobos. 


Date 


Paris  M.T. 


Obs.  x 


dx 


1) 

no 

8  I 

18 

9 

33 

19 

1 

In 

17 

19 

3 

20 

9 

14 

20 

52 

35 

18  37 

42 

19 

16 

18 

17 

2 

22 

20 

12 

1 

Paris  M.T. 


Obs.  y 


dy 


Aug.  23 
23 
24 
24 
25 
25 
26 
26 
5 
5 


Sept 


+26.67 

-0.13 

+  18.80 

+0.78 

+  25.38 

+  0.85 

-26.48 

+  0.28 

-17.81 

-0.40 

-27.06 

+0.20 

-25.29 

-0.05 

-20.50 

+  0.37 

+  27.79 

+0.16 

-0.357 

+  0.147 
+  0.554 

+0.034 

-0.450 
-0.229 
-0.231 
+0.315 
-0.180 


-0.294 
+0.115 
+0.446 

+6.026 

-0.375 
-0.190 
-0.191 
+0.252 
-0.150 


h  m         s 

is  27  35 
18  45  41 
17  35  34 

17  49  44 
20  20  52 
20  33  53 

18  lit  20 

19  1  53 

20  29  15 


+  15.57 

-0.19 

+  16.72 

+0.07 

+  15.93 

-  0.48 

+  16.34 

+  0.81 

-16.63 

+0.25 

-17.02 

-0.14 

-13.16 

+0.20 

-15.03 

+0.32 

+  17.77 


-0.330 

-0.097 
+  0.32S 
+  0.444 
-0.075 
-0.413 
-0.214 
-0.087 


-0.05  I  -0.223 


-0.384 

-0.117 

+0.371 

+0.1 

-0. 

-0.470 

-0.240 

-0.105 

-0.201 
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Date 

Paris  M.T. 

Obs.  x 

dx 

»i 

'"- 

Paris  M.T. 

Obs.  y 

dy 

a 

v-> 

I90U 

b       ii 

a 

n 

II 

n 

a 

h        m      s 

n 

It 

" 

a 

Sept.    5 

7 

20  46 

5 

+  18.21 

+0.15 
+  0.13 

—  0.000 

—  0.085 

18     2 

52 

+  28.10 

+  0.45 

+0.138 

+0.106 

18  16 

39 

+  17.06 

-0.031 

-0.040 

7 

18  40 

59 

+  21.23 

+  0.77 

+0.114 

+0.086 

is  20 

17 

+  17. S7 

+0.23 

+0.045 

+  0.046 

8 

16    9 

26 

+  25.32 

+0.24 

+0.104 

+0.078 

16  18 

58 

+  7.82 

+0.08 

-0.117 

-0.143 

8 

16  41 

27 

+29.94 

-0.80 

-1.010 

-o.- 

10  28 

41 

+  0.00 

+  0.15 

-0.034 

-0.044 

8 

17     5 

22 

+  27.62 

+0.60 

+  0.252 

+0.200 

17  14 

52 

+  17.03 

+0.26 

+  0.O0S 

+0.106 

8 

17  47 

41 

+  18.12 

+  1.38 

+0.622 

+  0.500 

17  30 

36 

+  18.18 

+0.12 

-0.070 

-0.003 

10 

18  14 

43 

-29.65 

+  0.91 

+0.305 

+0.243 

18  27 

49 

-13.41 

+0.47 

-0.056 

-0.000 

10 

18  46  32 

-28.95 

+0.19 

-0 

-0.007 

IS  37 

50 

-15.14 

+0.50 

+  0.030 

+  0.031 

12 

17  25 

55 

-20.25 

+0.17 

+0.127 

+  0.100 

17    17 

38 

-17.62 

+  0.20 

-0.009 

-0.015 

13 

16  17 

00 

-21.94 

0.00 

-0.051 

-0.040 

10  20 

13 

-18.67 

+  0.24 

+  0.011 

+0.011 

13 

10  37 

IS 

-IS. 31 

+0.2S 

+  0. 

+  0.040 

14 

17   13 

23 

+  21.15 

+0.1S 

+0.(151 

+0.033 

17  24 

55 

+    3.10 

+  0.23 

-0.001 

-0.1 

14 

17  44 

12 

+27.S2 

+0.16 

+0.011 

+0.002 

17  33 

17 

+   5.20 

+  0.29 

+  0.071 

+  0.075 

17 

18  22 

50 

-28.44 

+0.76 

-0.004 

-0.008 

18  37 

37 

-10.95 

+0.47 

-0.122 

-0.148 

17 

19  11 

46 

-29.18 

+0.36 

+0.134 

+0.106 

IS  5-1 

7 

-14.31 

+0.66 

+0.157 

+  0.170 

18 

Hi  57 

2 

-23.66 

+0.91 

-0.113 

-0.100 

17     0 

2 

-  4. so 

+  1.10 

+0.486 

+0.549 

18 

17  26 

-  29.08 

+0.44 

-0.241 

-0.202 

17   13 

40 

-    0.21 

+  0.00 

-0.083 

-0.1 

18 

L8  39 

1 

-22.72 

vis 

-0. 

-0.436 

18  48 

13 

-IS. 70 

+  0.17 

-0.074 

-0.085 

18 

19  14 

3 

-13.22 

+  1.40 

+  1.374 

+  1.111 

is  .-,: 

10 

-18.70 

+0.3S 

+0.155 

+  0.170 

21 

15  17 

4 

-26.34 

-0.08 

-0.187 

-0.157 

15  20 

53 

-18.74 

+0.47 

+  0.105 

+  0.22:1 

21 

15  4s 

18 

-18.13 

-0.01 

-0.023 

-0.024 

i;,  38 

39 

-1S.70 

+  0.35 

+  0.101 

+0.114 

22 

16  47 

30 

+25.40 

+0.15 

+0.018 

+0.009 

10  50 

1 

+  0.30 

+0.48 

+0.208 

+  0.302 

22 

17  18 

3 

+  29.43 

+0.31 

+0.125 

+0.095 

17     7 

23 

+  8.52 

+  0.16 

-0.039 

-0.049 

24 

L5   17 

0 

+28.03 

+0.26 

-0.115 

-O.i 

15  56 

49 

+  10.05 

+  0.25 

+0.081 

+0.1 

21 

16  21 

26 

+  19.83 

+0.91 

+  0.2I  HI 

+  0.150 

10    10 

15 

+  17.81 

+  0.20 

+  0.004 

-0.001 

25 

18     2 

.-,7 

-30.03 

+  0.25 

-0.235 

-0.1H5 

IS    IS 

39 

-14.57 

+  0.51 

+  0.044 

+  0.040 

25 

19    o 

9 

-23.15 

+0.17 

+0.134 

+  0.100 

18  37 

25 

-10.92 

+  0.41 

+  0.044 

+  0.047 

30 

16  17 

17 

+27.67 

-0.39 

-0.52(1 

-0.433 

10  27 

39 

+  8.19 

+  0.18 

-0.015 

-0.022 

30 

16  47 

35 

+29.33 

+  0.16 

-0.059 

-0.054 

16  36 

34 

+  10.20 

0.0(1 

-0.181 

-0.214 

Oct.      2 

15     3 

28 

+27.66 

+0.19 

-0.151 

-0.128 

15   17 

18 

+  16.67 

-0.15 

-0.31.". 

-0.300 

2 

15  47 

15 

+  17.23 

+0.68 

-0.053 

-0.048 

15  30 

40 

+  10.04 

+  0.35 

+0.159 

+  0.177 

4 

15  37 

8 

-23.98 

+0.97 

+  0.037 

+  0.024 

15  52 

37 

-    5.54 

+  0.72 

+0.081 

+0.084 

4 

16  28 

11 

-  29.09 

+  0.13 

-0.223 

-0.185 

10     s 

46 

-  8.76 

+0.43 

-0.150 

-0.182 

.") 

l.i  21 

46 

-29.25 

+  0.41 

+0.0  is 

+  0.012 

15  37 

26 

-14.12 

+0.40 

-0.025 

-0.032 

5 

16  43  48 

-12.74 

+  0.03 

+0.045 

+0.033 

15  55 

25 

-16.51 

+  0.71 

+0.375 

+  0.42S 

6 

14     5 

1 

-28.32 

+  0.21 

-0.337 

0.280 

14  19 

24 

-11.55 

+  0.42 

-0.OS2 

-0.099 

6 

14  4S  33 

-26.30 

-0.19 

-0.313 

-0.250 

14  33 

57 

- 13.75 

+  0.20 

-0.137 

-0.103 

7 

17  55 

16 

+  22.22 

+  0.23 

-0.312 

-0.258 

IS     7 

55 

+  10.74 

+  0.14 

-0.072 

-0.087 

7 

18  24 

40 

+  16.00 

+  0.51 

+  0.230 

+  0.200 

8 

13  46 

10 

-   8.7(1 

-0.18 

-0.247 

-0.200 

13  50 

50 

-14.70 

+  0.31 

+  0.124 

+  0.139 

9 

L5  21 

57 

+26.71 

+0.37 

+0.068 

+  0.052 

15  35 

36 

+  15.31 

+0.01 

-0.14:; 

-0.168 

9 

15  58 

59 

+  19.53 

+  0.40 

-0.217 

-0.1S1 

15  40 

27 

+  15.91 

+  0.20 

+0.033 

+  0.033 

9 

18     3 

23 

-23.47 

+  1.16 

+0.260 

+0.205 

IS  23 

2 

-    0.03 

+  0.81 

+  0.202 

+  0.223 

9 

19     1 

17 

-28.16 

+  0.30 

+  0.031 

+  0.021 

18  43 

0 

-    0.04 

+  0.35 

-0.182 

-0.215 

16 

15  19 

41 

+  26.72 

-0.09 

-0.259 

-0.215 

15  31 

31 

+  10.65 

+0.55 

+  0.404 

+  0.400 

16 

15  49 

8 

+  24.96 

+0.06 

-0.257 

-0.211 

15  41 

31 

+  12.41 

+0.18 

+0.040 

+0.043 

Deimos. 


Date 

Paris  M.T. 

Obs.  x 

dx                  i'i 

t'z 

Paris  M.T. 

Obs.  y 

dy 

vi 

02 

1909 

Aug.  23 
23 
25 
25 
26 

h       m      a 

19  20  28 

20  0    0 

18  44    8 

19  45  45 

20  2  15 

+65.06 
+63.23 
-60.43 
-51.63 
-54.62 

-o"o9 
+0.71 
+  1.17 
-0.18 
-0.98 

-0.01S 
+0.807 
+  0.967 
-0.438 
-0.782 

-0^017 

+0.656 
+0.7S5 
-0.366 
-0.641 

h        m       s 

19  34  49 
19  44  46 

18  57     6 

19  11  24 

20  14     4 

+37"88 
+38.23 
-43.65 
-44.37 
-15.55 

-o'!90 
-0.45 
-0.28 
+  0.11 
-0.19 

-0*525 
-0.082 
-0.422 
-0.022 
-0.362 

-0.004 
-0.092 
-0.486 
-0.025 
-0.418 
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Date 


Paris  M.T. 


Obs.  x 


dx 


Paris  M.T. 


( lbs.  v 


dy 


Aug. 
Sept 


Oct. 


26 

, 

7 

10 
L0 

10 

10 

10 

12 

12 

12 

13 

13 

14 

14 

14 

17 

17 

18 

18 

18 

is 

21 

21 

22 

22 

22 

22 

24 

24 

24 

24 

25 

30 

30 

30 

30 

2 

4 

4 

4 

4 

5 

5 

7 

7 

8 


9 
9 
9 


h         in       s 

20  41  5(1 

17   19  50 

17  55  26 

17   10  50 

17  57  49 

10  12  10 


20 
20 


i  46 

0  33 

16  35  11 

IS  50  45 

19  30  17 

15  29  10 

16  2  59 
16  24  52 
16  5S  39 

15  20  32 

16  0  11 
16  29  38 

15  53  47 

16  35  15 
19  27  1 
19  55  49 
16  3  20 
16  41  38 

15  44  35 

16  30  36 

17  29  7 

18  3  51 

16  49  38 

17  33  13 

19  10  12 

20  15  53 
19  23  20 
15  4  0 

15  17  59 

16  59  7 

17  30  31 
17  16  51 

14  7  52 

15  10  23 
17  24  27 

14  5  :; 

1  1  55  49 

14   1  20 

14  38  12 

15  1  30 

15  33  49 

13  26  37 

14  2  47 

16  28  36 

17  21  47 


-60.15 
4-33.62 
+40.48 
+22.01 
+  10.32 

-  7.56 
-19.9:; 
-22.06 
+  7.70 
+  30.50 
+47.60 
-72.26 
-70.50 
-41.75 
-48.38 
-61.83 
-17.63 
-10.12 
-73.57 
-72.70 
-54.39 
-48.90 
+  55.18 
+  61.32 
-36.09 
-25.03 
-11.42 

-  2.74 
-17.69 
-28.03 
-49.17 
-60.53 
+36.80 
+  72.74 
+72.57 
+68.83 
+  65.00 
-42.91 
+49.15 
+36.58 
+    5. SO 

+62.05 
+66.87 
-09.73 
-69.17 
-33.37 
-39.83 
+62.35 
+  5S.17 
+33.40 
+  21.57 


+0.38 
-0.09 

+  0.52 
-0.26 
+0.02 
-0.65 
-0.37 
-0.10 
+0.14 
+0.12 
-0.05 
+0.24 
+  0.24 
-0.14 
-0.20 
-0.07 
+  0.40 
+0.23 
+0.06 
+  0.14 
+0.51 
+  0.26 
+0.22 
-0.01 
-0.05 
+0.40 
+0.29 
+0.40 
-0.55 
-0.69 
-0.21 
+0.17 
-0.48 
-0.52 
-0.44 
-0.35 
-0.37 
-0.04 
-0.25 
+0.07 
-0.3S 


+0.15 
+  0.28 
-0.28 
-0.02 
-0.15 
-0.28 
+0.15 
+0.14 
-0.33 
-0.16 


+0.373 
-0.264 
+0.377 
+  0.040 
+0.343 
-0.307 
-0.027 
+0.240 
-0.12S 
-0.035 
-0.171 
f  0.133 
+0.0S5 
+0.162 
+0.076 
+0.121 
+  0.073 
-0.0S3 
+0.009 
+  0.027 
+0.208 
-0.060 
+0.136 
-0.062 
-0.387 
+  0.060 
-0.027 
+0.103 
-0.238 
-0.386 
+  0.041 
+  0.359 
-0.249 
-0.474 
-0.372 
-0.245 
-0.249 
-0.253 
-0.079 
+  0.272 
-0.1  IS 

+0.119 
+  0.282 
-0.351 

-0.139 
+0.097 
-0.047 
+0.258 
+  0.265 
-0.136 
+  0.050 


+  0.304 
-0.221 
+  0.304 
+  0.025 
+0.272 
-0.256 
-0.027 
+0.193 
-0.112 
-  0.032 
-0.143 
+  0.103 
+  0.063 
+  0.128 
+  0.058 
+0.096 
+  0.050 
-0.078 
+0.002 
+  0.016 
+  0.159 
-0.058 
+0.106 
-0.056 
-0.326 
+0.044 
-0.030 
+0.075 
-0.201 
-0.321 
+0.032 
+  0.290 
-0.211 
-0.391 
-0.308 
-0.205 
-0.210 
-0.215 
-0.073 
+0.216 
-0.105 

+  0.095 
+0.228 
-0.291 
-0.119 
+0.075 
-0.043 
+0.207 
+  0.210 
-0.119 
+  0.040 


li    111    s 

20  30  52 

- 18.56 

17  35  52 

-  0.26 

17  15  15 

-  4.88 

17  25  31 

+  38.02 

17  35  23 

+37.71 

19  31  7 

+  23.83 

19  51  27 

+  20.46 

20  10  12 

+  16.97 

10  14  57 

-29.0.-, 

18  26  25 

-  9.89 

3  42 

+  4.96 

15  40  38 

-42.04 

15  51  4 

-42.85 

16  34  30 

+  2.64 

16  42  36 

+  0.69 

IS  30  :,9 

-17.59 

16  10  49 

-37.80 

16  19  43 

-36.68 

16  8  16 

-37.75 

10  24  59 

-39.39 

19  39  13 

-47.91 

19  47  17 

-47.01 

16  14  22 

+  S.20 

16  28  18 

+  10.12 

15  ;,?,   19 

-44.28 

0,  io  29 

-42.78 

17  40  6 

-35.28 

17  49  10 

-34.31 

'7  4  29 

+  19.33 

17  19  17 

+  10.88 

19  33  11 

-  3.34 

19  55  16 

-  7.13 

0  56 

+32.84 

15  34  36 

+34.88 

17  10  43 

+42.31 

17  19  34 

+  43.03 

17  53  12 

-42.05 

14  34  39 

+  44.32 

!  1  r,:\   26 

+43.92 

1 7  15  53 

+  31.22 

18  10  18 

+28.37 

l  1  26  0 

+  10.05 

1  1  39  31 

+  18.06 

14  13  30 

-32.69 

14  25  2 

-33.81 

15  11  53 

+  10.57 

15  21  57 

+  9.26 

13  3S  39 

+  41.17 

L3  51  52 

+41.72 

10  43  59 

+40.59 

17  0  25 

+39.96 

+0.40 
-0.37 
-0.23 
-0.17 
+  0.07 
-0.37 
-0.42 
-0.24 
-0.23 
+  0.15 
-0.30 
+0.37 
+  0.36 
+  0.22 
+0.83 
+  0.58 
+0.02 
-0.18 

0.00 
+  0.02 
+0.40 
+0.22 
-0.53 
-0.21 
+0.04 

0.00 
-0.04 
-0.01 
+0.53 
+0.78 
-0.26 
-0.02 


-0.23 
-0.S0 
-0.25 
-0.45 
-0.53 
-0.22 
-0.28 
+0.11 
+  0.19 
-0.42 
-0.52 
+0.05 
+  0.05 
+  0.30 
+  0.24 
-0.40 
-0.39 
-0.01 
-0.23 


+  0.223 

-0.012 

+  0.138 

-0.128 

+0.103 

-0.440 

-0.5os 

-0.343 

-0.056 

+0.4 

+  0.' 

+  0.106 

+  0.1 50 

+0.! 

+0.071 

+0.379 

+0.093 

-0.096 

-0.217 

-C.195 

+0.282 

+0.110 

-0.090 

+0.239 

+0.004 

-o.oio 

+0.059 
+0.101 
+0.437 
+  0.070 
-0.439 
-0.208 

+  0.217 

-0.358 

+  0.120 

-O.i 

-0.1 

-0.021 

-0.103 

+0.1 

+0.157 

+0.024 

-0.072 

-0.163 

-0.102 

+0.265 

+0.109 

-0.071 

-0.072 

+0.116 

-0.121 


+0.260 
-0.014 
+  0.161 
-0.148 
+  0.114 
-0.510 
-0.588 
-0.305 
-O.i 
+0.570 
+0.076 
+  0.194 
+0.186 
+0.075 
+0.777 
+0.4  12 
+0.106 
-0.111 
-0.247 
-0.222 
+0.324 
+0.126 
-0.104 
+  0.276 
0.000 
-0.014 
+0.064 
+0.112 
+0.502 
+0.777 
-0.507 
-0.239 

+0.253 

-0.413 

+0.140 

-0.102 

-0. 

-0.024 

-0.119 

+0.113 

+0.170 

+0.030 

-o 

-0.185 

-0.185 

+0.3O4 

+0.125 

-O.osi 

-0. 

+  0.134 

-  0. 142 


dE 
e  sin  P 
e  cos  P 


dE 
+17336.24 


e  sin  P 

-   4590.95 
+83670.47 


Phobos. 
Normal  Equations. 
ds 


e  cos  P 

-  1875.69 

-  173.40 
+  29303.89 


+ 
+ 


A 

967.64 

SI  27.73 

603.84 


sin  /  </  A 

-11321.70 

+  365.50 
+  774.33 


d  I 

+  143  47.09 

-  2510.47 

-  852.85 


-235.585 
-906.535 

+213. 7S7 
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dE 


e  sin  P 


e  cos  P 


d_A 
A 

sin  /  d\ 
dl 


A 


sin  I  d  N 


dl 


\nn]  =  +23.92] 


+43967.41     +  2136.20     +  4273.97 

+22867.50     -17082.60 
+32921.35 


■  95.570 

■118.904 
■174.272 


Results. 


dE 

e  sin  P 
e  cos  P 
d_A 

A 

sin  I  dN 

dl 


+0r.01S99 

+0.01177 

-0.00616 


=0r.00189 
=0.00065 

=  0.001H0 


-7-  =  +0.00172   ±0.00091 


dE  =  +     1°.088  ±0°.108 
P    =  -f-117c.03 
e      =  0.0133 

d  A  =  +     0".015  ±0".008 


+0r.00362 
-0r.00059 


=0r.00168 
=0r.00145 


dy 


Sum  of  Squares 
of  Residuals 

+  5.959 
+  1.883 


dN  =  +     0°.349 

dl   =  -     0°.034 

No.  of 
Equations 

53 

56 


=0°.162 
=0°.083 


p.  e.  of  One 
Weigted  Equation 

±0".240 
=  0  .131 


dx  and  dy 

+7.842 

109 

±0".186 

Normal  Equations. 

dE 

e  sin  P 

e  cos  P 

rfA 

A 

sin  /  d  X 

dl 

n 

dE 

e  sin  P 
e  cos  P 

d  A 

+  15479.50 

-  3111.12 

+  65563.46 

-   1520.48 
-11346.38 
+32655.13 

+  2350.58 
+  2334.27 
+     464.06 

—  14557.71 
+     277. JS 
+   1027.84 

+  14012.04 

-  1273.77 

-  468.18 

-209.989 
-800.008 
+  363.330 

"a- 

+36525.89 

-  4467.92 

+  13979.19 

- 106.664 

sin  /  dN 
dl 

+  27638.16 

-20184.80 

+38392.87 

+  175.894 
-181.231 

[nn]  =  +21.659 


Results. 


dE 

e  sin  P 
e  cos  P 
d_± 
A 

sin  I  dN 
dl 


+0r.01905 
+0.01194 
-0.00624 


=0r.00200 

=  0.00069 
=  0.00097 


—        =  +0.C0170   ±0.00096 


+0r.00359 
-0r.00064 


dx 

dy 

dx  and  dy 


=  0r.00154 
=  0r.00122 

Sum  of  Squares 
of  Residuals 

+3.942 

+  2.474 


dE  =  +1°.092  ±0°.115 
P    =  +117°58 
e     =  0.0135 

c/A  =  +0".014  ±0".008 

dN  =  +0°.346  ±0°.149 
dl   =  -0°.037  ±0°.070 


No.  of 
liquations 

53 
56 


p.  e.  of  One 
Weighted  Equation 

±0".195 
±0  .150 


+6.416 


109 


=  0".168 


Corrected  elements  for  Paris  Mean  Time  dates  corrected  for  aberration-time. 

Phobos,  1909,  September  20.5. 
From  First  Solution 
E  =    87°.609 


P  =  117°.63 

e    =  0.0133 

A  =  8".506 

AT  =  48°.136 

/    =  36°.454 


From  Second  Solution 

E  =  87°.613 

P  =  117°.58 
e    =      0.0135 
A  =      8".505 

N  =  48°.  133 
J   =    36°.451 
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Deimos. 

Normal  Equations. 

</  £                    2e  sin  P                 e  cos  P 

rfA 
A 

-•in  I  dN 

dl 

n 

2e  sin  P 
e  cos  P 

+210570.33     +  25034.65     -     5619.52 

+221251.83     -   18277.63 

+ 147350.57 

1.44 
+     S554.37 
-     4143.10 

-  70781.14 

-  7431.25 
+  10739.61 

+  73596.84 
+     3625.95 
+     1063.09 

+  273.280 
+  193.003 
-214.981 

d  a 

+  189877.33 

+  48152.25 

+  35589.10 

-290.158 

sin  /  dN 
dl 

[nn]  =  +14.968 

+  183694.88 

-   10146.81 
+  171732.35 

+  663.889 
+  30.798 

Results. 

dE             =  -0r.00318  ±0r.00050 
2esinP    =  -0.00068   ±0.00042 
ecosP      =  +0.00176   ±0.00051 

dE  = 
P    = 
e      = 

0°.182  ±0' 
349°.02 

0.0018 

\029 

<L±          =  +0.00301    ±0.00048 

(/A  = 

+     0".064  ±0 

".010 

sin  /  dN   =  -0r.00575  ±0r.0005l 
dl              =  +0r.00022  ±0r.00052 

dN  = 
dl   = 

-     0°.543  ±0 
+     0°.013  ±0' 

'.048 
D.030 

Sum  of  Squares 
of  Residuals 

No.  of 
Equations 

p.  e.  of  One 
Weighted  Equation 

dx                               +4.826 
dy                               +4.086 

56 

56 

±0".210 
±0  .193 

dx  and  dy                   +8.912 

112 

±0".196 

Normal  Equations. 

d  E                   2e  sin  P                e  cos  P 

d  A 

A 

sin  /  d  N 

dl 

n 

dE 

2e  sin  P 

e  cos  P 

+  181869.20     +  22037.01     -     9235.71 

+  182675.73     -   53851.34 

+  161245.53 

-  1643.75 

+     542(1.71 

-  3076.49 

-113184.25 

-    13348.03 
+   15624.20 

+  47453.88 
+     1868.60 
+       426.40 

-   4(1.213 
+180.185 

-25S.:;-27 

d  A 
A 

+  164313.47 

+  29814.30 

+   77756.05 

-338.(115 

sin  /  d  V 
dl 

[nn]  =  +14.913 

+  228148.60 

-    11228.62 
+191921.55 

+827.106 

-189.453 

Results. 

dE             =  -0r.00319  ±0'.00057 
2esinP    =  -0.00057   ±0.00048 
ecosP     =  +0.00184   ±0.00051 

dE  = 
P    = 

e      = 

-     0°.183  ±0' 
351°. 21 
0.0019 

'.033 

^        =  +0.00302   ±0.00054 

dA  = 

+     0".064  ±0 

'.011 

sin  I  dN   =  -0r.00575  ±0r.00050 
dl              =  +0r.0OO22  ±0r.00051 

dN  = 

,11   = 

-     0°.543  ±0C 
+     0°.012  ±0( 

'.047 
'.029 

Sum  of  Squares 
of  Residuals 

No.  of                               p.  e.  of  One 
Equations                       Weighted  Equation 

dx                                  +3.231 
dy                               +5.444 

56 
56 

±0".171 
±0  .223 

dx  and  dy 


+8.675 


112 


=  0".193 
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Corrected  elements  for  Paris  Mean  Time  dates  corrected  for  aberration-time. 

Deimos,   1909,  September  20.5. 


From  First  Solution 


From  Second  Solution 


E 
P 

e 

A 

N 
I 


66°.724 
349  .02 

0.001  s 
21.310 
43°. -'si 
37°.354 


E 
P 

e 

A 

N 
I 


66°.723 

351°.21 

0.0019 

21".310 

43°.284 


OBSERVATIONS   OF   VARIABLE   STARS.  —  No.  13, 

My   \VM.   E.   SPERRA. 

Time  given  is  as  usual  G.M.T. 
given  in  A.J.,  606,  for  1907  Dec 


SS  .1     igae. 

This  star  was  looked  for  on  fifty-four  date-.  L908  April  4 
to  1910  Jan.  8,  and    on   two 
bright,  or  near  maximum. 


nights   only   was  it   found 


1908     Dec.  26.65  G.M.T.  10.7  > 

27.54  10.49 

.86  L0.64 

28.52  L0.67 


H.C.O.   -Ma«. 


2815.     U  Geminorum. 

The  following  observations  continue  the  scries  published 
in  A.J.,  601,  and  the  magnitude  estimates  conform  to  the 

The  star  was  invisible  on 
1  to  1908  Feb.  4.     Time  is 


scale  published  in  A. J.,  602. 
twenty-five  dates.  L907  May 
G.M.T. 


1908  Feb. 


8.54 
.64 


9.63 
9.56 


1908  Fell. 


9.52 

io.:.:; 


9.57 
10.10 


1908  March 
dates. 


4  to  1909  March  4,  invisible  on  fifty-four 


1909  March  11.53       9.14  1909  March  15.54       9.36 

13.55      9.07  20.56     10.90 

1909  April  10  to  1909  May  12,  invisible  on  five  nights. 

1909  Sept.     16.85     10.-"'  1909  Sept.     17.82     1070 

1909  Oct.  7  to  1910  Jan.  19,  not  seen  on  seventeen  nights. 

1910  Jan.      29.52      9*24         1910  Feb.        3.51       9?86 
Feb.        1.51       9.30 

1910  Feb.  6  to  1910  April  27,  invisible  on  twelve  nisdits, 
but  probably  seen  on  1910  May  6.50  as  10m.20. 

It  was  not  seen  on  six  nights  in  1911. 

1912  March  13.56      9?36 
7792.     SS  Cygni. 

The  following  results  are  a  continuation  of  those  pub- 
lished in  A. J.,  606,  and  are  reduced  to  the  DM.  magnitude 
scale  given  in  A.J.,  476.  The  nature  of  the  stars'  varia- 
tion for  the  summer  of  1908,  was  somewhat  out  of  the 
usual  order,  besides  several  very  long  rises  to  maximum, 
viz.,  July  and  September  the  maximum  of  October  was 
lm.4  low,  and  by  the  first  of  November  had  only  decreased 
a  magnitude,  when  another  rise  set  in,  with  possibly  a 
normal  crest,  though  the  observations  show  a  half  magni- 
tude low,  perhaps  owing  to  the  five  days  break  in  the  series. 
Nearly  all  the  minima  were  high,  above  llm.0,  until  after 
the  November  maximum  just  mentioned.  The  normal 
minimum  light  being  llm.5. 


Following  the  maximum 
there  were  six  observa- 
tions at  normal  light,  1907  Dec.  20  to  1908  Jan.  24. 


Jan.      29.54      8.38         1908  Feb. 

2  50 

8.67 

30.50      8.40 

7.99 

9.85 

observations  at  normal  light. 

1908  March  10.95      9.84  1908  March  11.93     10.41 

No  observations  at  normal  light. 


1908  April 


10.88 
11.88 


1 90S  March  29.94     10.50  > 

April       3.90     10.58 
4.89     10.45 
One  observation  at  normal  light  1908  April  25.88. 


10.21 
10.46 


1908  M:  i  j 


10. St, 

11.86 


s.  15 
8.37 


1908  May     12.86      8.40 


1908  May  27  to  1908  July  17.  thirty-one  normal  observa- 
tions. 


1908  July 


1S.68 
19.61 
21.61 
23.62 
25.65 


10.19 
9.81 
8.69 
8.56 
8.69 


1908  July 


No  observations  at  normal  light. 
1908  Aug.      13.63     10.'l8         1908  Aug. 


1908  Sept. 


1908  Oct. 


L3.63 

16.58 
17.58 
18.58 
20.57 
21.58 
23.57 
24.57 

5.69 

6.59 

8.56 

9.55 

10.55 

11.56 

13.54 

14.54 

15.57 

16.55 

12.55 
13.51 
14.56 
15.52 


10.18 
10.44 
10.76 
10.73 
10.91 
10.92 
10.6- 
10.80 

1L06 

10.62 
9.93 
9.12 
8.91 
8.70 
8.36 
8.36 
8.27 
8.38 

10.08 

10.17 

9.91 

9.78 


Sept. 
1908  Sept. 


Oct. 


1908  Oct. 
Nov. 


26.62 
27.62 
28.61 
29.61 
30.67 


25.58 
26.57 
27.57 
28.57 
29.61 
30.59 
31.57 
2.55 

17.54 
L8.53 
19.56 
23.59 
24.56 
27.54 
29.56 
30.53 
3.61 
4.67 

25.52 
1.57 
8.49 

13.57 


9.18 

9.76 

10.18 

10.40 

10.53 


10.79 
10.77 
10.76 
10.77 
10.80 
10.80 
10.82 
10.8- 

8*34 

8.38 

8.38 

8.81 

8.84 

9.70 

9.94 

10.23 

10.43 

10.97 

lo!'51 

10.86 

9.84 

8.86 
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1908  Oct. 

16.50      9.97 

L5.55 

9.22 

The  star  was  normal  on  1910  June  5  and  7. 

17. 59     10.26 

L8.60 

10.25 

1910  June     24.62      8.49         1910  June     26.62      8*47 

IS.  51       9.80 

20.53 

10.52 

25.69      8.60 

21.51     10.10 

30.53 

11.06  > 

24.60     10.93 

1910  July  7  to  23,  eight  normal  dates. 

1908  Dec 

5  and  7  normal  light. 

1910  July      25.61     10*94         1910  Aug.       5.G1       8.36 

1908  Dec. 

21.51      9M38         1908  Dec. 

28.52 

10*52 

26.59     10.92                                6.68      8.38 

22.48      9.52 

30.49 

10.52 

28.61     10.93                                7.63      8.38 

27.48     10.40          1909  Jan. 

1.47 

10.52 

29.02     10.02                                  8.60       8.56 
.69     10.47                               11.59      8.74 

1909  Jan. 

18  to  27.  five  normal  dates. 

30.65      8.56                               12.60      8.65 

1909  Feb. 

7.50      g'.OS         1909  Feb. 

20.95 

1073 

31.60      8.61                               14.58      9.90 

11.52       9.49 

25.90 

11.06  > 

AuK.       2.61       8.32                              15.60     10.07 

SI 

4.62       8.34 

1909  April     24.73       8.49 

1910  Aug.  26  to  1910  Oct.  18,  thirty-eight  normal  nights. 

1909  May  22  and  24.  observations  at  normal  1 

ght. 

M                                                                                                                             M 

1909  June 

11.67       8.62          1909  June 

18.62 

M 

10.32 

1910  Oct,       19.49       9.81          1910  Oct,       29.51       9.23 

15.61       8.75 

19.62 

10.62 

2:;. 50       8.36                              30.57     10.82 

17.62      9.91 

20.67 

10.89 

24.52  8.38                              31.58     11.30 

25.53  8.66 

1909  June  29  to  1909  July  7,  three  normal  dates. 

M                                                                                                               M 

1910  Nov.  20  to  25.  three  dates  at  normal  light. 

1909  July 

19.61     10.82         1909  July 
21.61     10.91 

25.59 

10.62 

1910  Dec.      13  49       8*58         1910  Dec.      17.50      8*67 

M 

M 

14.49       8.38                                27.51     10.62  > 

1909  Aug. 

1.58      8.43         1909  Aug. 

9.59 

8.53 

3.58      8.34 

10.59 

9.23 

After  four  normal  observations  in   1911   January,   the 

5.5s      8.40 

17.58 

10.85 

series  was  broken  until  the  following  May  20.  and  three 

6.59      8.38 

19.57 

10.93 

normal  lights  in  1911  June  bring  us  to  the  following  maxi- 

20.58 

11.00 

mum. 

1909  Aug 

21  to  30,  three  normal  dates. 

1911  June     29.04     1 L00  >       1911  July        5.04       8*32 

1909  Sept, 

5.56     10*56          1909  Sept. 

18.53 

8J30 

July        3.67      8.52                                7.62      8.60 

7.58     10.86 

19.05 

8.60 

4.64       8.36 

11.55     10.90 

20.53 

8.49 

1911  July  15  to  1911  Aug.  21.  eight  observations   at 

16.55     11.10 

22.54 

9.24 

normal  light. 

17.54     10.08 

25.65 

10.84 

H                          -                                                                          " 

.76      9.66 

1911  Aug.      25.50       8.52          1911  Aug.      31.57       8.36 

1909  Oct. 

1  to  9,  eight  normal  observations. 

29.58       8.32                  Sept.      4.59      9.63 

1909  Oct. 

13.53      8?56         1909  Oct. 

19.50 

10*87 

1911  Sept.  13  to  191 1  Oct  25,  nineteen  normal  observa- 
tions. 

M                                                                                                                             M 

18.56     10.18 

1909  Oct. 

30  to  1909  Nov.  30,  nineteen 

observations  at 

1911  Oct.      28.52      8.77          1911  Oct,      29.50      8.38 

normal  light. 

1911  Nov.  10  to  1911  Dec.  5.  three  normal  dates 

1909  Dec. 

1.49     11.14          1909  Dec. 

4.59 

8.60 

1911  Dec.      24.50      8.68 

2.49      8.60 
.59      8.60 

6.48 
19.49 

8.3S 
L0.58 

1912  March  29.91     10.82 

3.61       8.52 

1912  May  13  to  July  21,  eight  normal  observations. 

1909  Dec 

31.  to  1910  Jan.  19  six  normal  obse 

M 

•vations. 

u 

1912  Aug.        1.61       8*67          1912  Aug.       5.68     10*6- 

1910  Jan. 

Feb. 

29.50       S.71          1909  Feb. 
1.50       9.39 

3.51 
6.50 

9.78 
11.06> 

1912  Aug.  14  to  1912  Oct,  2.  fifteen  normal  dati  - 

M                                                                                                               M 

1910  Feb 

19  to  1910  March  20,  three  normal  dates. 

1912  Oct.        2.58     11.06>      1912  Oct.       14.01       - 

M 

u 

4.66       8.49                                16.64       9.04 

1910  April 

12.92       8.53          1910  April 

17.91 

8.37 

5.72       S.25                                21.00     L0.62> 

1910  May  4  to  18,  three  normal  observations. 

0.52      8.25 

1910  May      27.67       S.63 

Cleveland,  Ohio,  1913  January  13. 
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MOTION    OF   A   SYSTEM   OF   MATERIAL   POINTS   UNDER  THE 

ACTION   OF   GRAVITATION, 

By  G.  W.  HILL. 


The  object  of  the  present  article  is  to  advocate  certain 
modifications  in  the  customary  treatment  of  the  planetary 
problem. 

Let  m0:  hi',  in",  etc.,  be  the  masses  severally  of  the 
central  body  and  the  planets,  l0,  jj„,  £0:  f,  •>;,  £;  f,  if,  V', 
etc.,  their  rectangular  co-ordinates  in  absolute  space;  r, 
r',  etc..  the  radii  of  the  planets:  A  the  distance  between 
ail  in  :  -  the  sign  of  summation  with  reference  to 
the  planets;  S  with  reference  to  their  combination  two 
and  two.  The  potential  function  12  will  have  the  ex- 
pression 


n  =  w,„  i- 


A0.1 


and  T 

2Tdf-  =  m,  (cW0  +  dr,l  +  d®  +  Zm  (d?  +  dif  +  d?) 

In  order  to  pass  from  expressions  in  terms  of  absolute 
co-ordinates  to  those  in  terms  of  co-ordinates  relative  to 
the  central  body  we  make  the  following  transformation 
of  variables, 

t  =  |0  +  x,        e  =  *.  +  ■'■'.         i"  =  to  +  *",  etc. 

with  similar  equations  for  the  y  and  z.  The  potential 
function  is  unaffected  by  this  transformation,  but  it  no 
longer  contains  £„,  ij0,  £0;  consequently  the  partial  deriva- 
tives of  £2  with  respect  to  these  variables  vanish. 

Putting  M  for  m0  +  2m,  T  takes  the  form 

2Tdt"  =  M  (dl2,  +  dv?  +  d®  +  d£0d±~»ix  +  d^dlmij 
+  d£0d2mz  +  Zm  (da;2  +  dif  +  dz'2) 

Applying  Lagrange's  formula  for  obtaining  the  differ- 
ential equations  for  £„,  i)0,  £0)  we  have  together  with  their 
integrals 

d  (Md£0  +  di'mx)  =  0,  dlmx  =c  -  Md£0, 

with  similar  equations  connecting  »?„,  j/  and  f0,z. 

The  differential  equations  for  the  co-ordinates  of  the 
planets  are 


1-1  ,         J-  v  ''V 

d-  (m0£„  +  m,x)  =  — 
ox 

with  similar  equations  connecting  %,  y  and  f0,  2,  together 
with  other  groups  of  three  equations  obtained  by  affixing 
accents  to  m,  x.  y,  z. 

By  substracting  the  antepenult  group  of  equations  is 
obtained  the  group  of  equations 

d'-[Mmx  -  mdl'mx']  =  M-^—df 

ox 

with  similar  equations  in  y  and  z,  together  with  other 
groups  of  three  obtained  by  applying  accents  to  m,  x,  y,  z. 
Here  the  co-ordinates  of  the  central  body  are  eliminated. 

Again,  we  may  write  the  equations  of  the  x  co-ordinates 
thus : 

1/  >>£l 
d\{M  -  m)x  -  m'x'  -  m"x"  -.  .  ]  -  dt'1  , 

m  dx 

dX-mx  +(M-  m')x'  -  m"x"  -  .  .  ]  =  —.  P^dt2, 

-         m   ox 


d'2[-  mx  -  m'x'  +  (M  -  m")x" 


-  •  J       m"  dx" 


with  entirely  similar  equations  for  the  y  and  z. 

By  subtracting  the  first  from  each  of  the  following 

equations,  we  have 

1    oQ  1  3fin,  ,  , 

dt-  , 


d\x'  -  x)  = 
d\x"  -  x)  = 


m'  dx' 

1    dO. 

m"  dx" 


m  dx 

i  da 

m  ox 

* 


dt2 


with  similar  equations  for  the  y  and  z. 


Abbreviating  by  omitting  the  operator  -A 


(M  -  m)x  -  m'x'  -  m"x" 


dt- 

M  .><?- 

m  dx 


(171) 
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m'x' 


III  x 


+  m"x" 


JO.  m'  d£l 

dx'  m  dx 

<)9.  m"  dQ, 

dx"  in  dx 


These  are  the  same  equations  we  have  already  solved, 
and  thus 


By  the  addition  of  these  equations  is  obtained 

,.,      „   ,  M  +  m  -  2m  <>0        3fi         9fi 

(M--m)x  = —   +  ^-  +  ^-r,  +    .  .  , 

in  dx         dx'         dx 

(1- 
or.   supplying   the   operator  -r-„  ,   and  adding  the  similar 

equations  for  x',  x",  etc., 


''l'-.r' 


m„m"d-.r"  = 


dn         /aa      rvi2 
9n        , /an      yn 

(»?„  +  »«')  ;  W       —  +    .-t-j.  +    . 

\dx         dx 

„.  an        ,,/an      a>n 

(m0  +  «/"    .  -  +  m"  U-  +  —  +  • 


(/?'-' 
'//% 
//-, 


<  >r,  in  slightly  different  form, 


mil'.r     = 

da 

_''■'■ 

+ 

m    v  >>V. 
m0       dx_ 

m'il-.r'  = 

+ 

m'   _  3fl" 

df  , 

"  dQ. 

.''■>■" 

+ 

m"    v  dCl 

m0        • '  x 

dt- 

M  dt 

m„ 

M 

dt 

m 

dx' 

M 

dt 

m°  +  m  ^  +  Irv  (x)  _  x1 


Af 


m, 


+  m'  x'         1   rv  ,    .  ,, 

IT"  »'  +  M  ["  (x)  -  x  ]  ' 


m"        ML      w  J  ' 


Whence  may  be  derived 

in    .,  .   . 

Ill  --,-    =    X  +  —  2.  (x)   , 
(7/  ?»„ 


r// 


^(x)  , 


hi 


dt 


x"  +  —  2  (x)  ,  &c. 


with  similar  equations  for  the  y  and  z. 

From  the  information  derived  from  the  foregoing  equa- 
tions it  is  easily  seen  that  the  living  force  has  the  following 
expression : 


m 


2Tdf  -    A  m  ( 1  -  jj  )  (''•'■"  +  dy2  +  dz2) 


M 


Sin m'  (dxdx'    •  dydy'  +  dzdz') 


In  order  to  have  the  canonical  or  hamiltonian  form  for 
the  differential  equations  of  motion  we  musl  introduce  the 
variables  conjugate  to  the  co-ordinates  in  place  of  the 
differentials  of  the  latter.  Denoting  the  new  variables 
by  the  small  capitals  corresponding  to  the  italic  letters  of 
co-ordinates,  we  have 

/  dx       m'  dx'        m"  dx" 

~  .1/  jit  ~  m  ~dl  "  m  la  "  ' 

m  dx       I         m'\dx'    _  m"  dx" 
~M~dl  +  \ M  )~dl     '  M  W 
m  dx       m'  dx' 
.1/  dt       M  ~dl 


On  substitution  of  these  values  in  the  former  expression 
of  T,  we  gel 

2T  =  A  -  i  xa  +  ys  +  z2)  +  —  [(2- x)2  +  (^ t)'2  +  (I' z)2]   . 

The  following  expression  may  be  preferred, 

2T  =  z\(  !   +  —  )  (x-  +  y2  +  z2)l+  —  S(xx'+  yy'  +zz'). 

Then,  if  we  put  F  for  n  —  T,  the  general  form  of  each 
pair  of  conjugate  equations  is 

dx  _    dF  dx  dF 

dt         dx  dt  dx 

Lagrange's  procedure  was  to  put   12  =  Q0  +  Oj   and 
T  =  T0  +  T1}  where 


Q- 


m 


or   =  z 


1      _1 


(X2  +  Y2  +  Z2) 


>»"\dx" 
1/  J  dt 


x 
m 
x/ 

m' 
x'' 
to" 


This  course,  however,  is  not  the  best.  Considering  the 
distance  between  m  and  ml, 

A2  =  r  -  2rr'  cos  4'  +  '''"  • 

the  value  of  A  oscillates  between  r  oo  r'  and  r  +  r'.     The 

potential  effect  of  when  averaged  may  be  supposed 

represented  by 

,fk       k' 

mm   \        +  —, 

where  the  k  are  constants  and  functions  of     .  ,  the  ratio  of 

a 

the  protometers. 

The  elimination  of  the  solar  co-ordinates  from  the  motion 
of  the  system  and  yet  retaining  the  canonical  form  of  the 
differential  equations  has  been  carried  out  by  Kadax 
through    an    orthogonal    transformation    of    variables.* 

*Tisserand,  Micanique,  Ci'lesle,  Tom.  I.  pp.  77-86. 


X-    646-647 


THE     ASTRONOMICAL     JOURNAL. 


it: 


This  leads  to  great  complexity  in  the  expression  of  the 
square  of  the  distance  between  two  planets,  especially  if 
tli  system  contains  a  large  number.  It  seems  that  the 
second  term  of  T,  in  the  last  expression  for  it.  which  is  of 
the  order  of  planetary  masses  is  to  be  preferred,  since  when 
contact  transformations  are  introduced  any  objections  to 
the  form  are  removed. 

Some  advantages  may  be  obtained  by  employing  in  the 
differential  equations  separate  potential  functions,  living 
forces  and  energy  functions.  The  potential  and  living 
force  will  be  deprived  of  one  mass  factor,  as  that  conduces 
to  brevity  in  the  formulae.  They  will  l>e.  severally,  for 
///.  ///',  //;",  etc. 


The  remaining  equations  can  be  filled  out  by  a  cyclical 
permutation  of  accents.  The  differential  equations  of 
motion  for  m  are 


dx 

dF 

dF 

dz 

dF 

dt 

/It 

dy 

dt  ' 

dF 

dy 

dF 

dz 

DF 

dt 

dt 

'         3t    ' 

dt 

<>z 

The  same   for    ///',   ;//".  etc..   can   be  added    by    affixing 
accents. 

These  forms  of  the  differential  equations  are  unsatisfacto- 
ry 1  lecause  the  rates  of  motion  of  the  linear  varial  >les  are  of 


n' 

>n0  - 

r  i 

_Ao,i   - 

rj__ 

_Ai.o 

'',,  cos  if0'1 

r' 
-  -2  cos  ^'■° 

+  m" 

T'o    ' 

r 

y?2     -     ^i    ' 
1  '"' 


-    .  - 


2T    = 


=    X2  +  Y2  +   Z2      , 


,/,.'-  4.  dv's  4-  dz'1 


r'2      I      x-'2    J-     ■,'' 


F  =  n  -  t  . 
p>  =  vj  -  T' 


the  order  of  the  Sun's  mass.     To  remove  this  disadvantage, 
in  part  at  least,  we  make  the  following  transformation  of 

variables.     Instead  of  the  canonical  set  \     '  -  we  pro- 

I       T>  T-  T.I        t 

pose  to  take  the  set    <     '.';;"    defined  by  the  following 
equations: 


{ 


x  =  r    cos  //  i 


sin  m  sin  h 


cos  a  sin  h  H —  sin  n  a 


x  i- 


sin  u 


iy  —  yx  =  H 


X2   -  T2   +   Z2 


R2  + 


U 


XX   -   J/T   +   2Z    =    ttt    . 

That  the  new  variables  r,  u,  h  are  severally  conjugate 
to  r,  u,  h  as  x,  y,  z  are  to  x,  y,  z  is  not  immediately 
apparent,  but  we  may  state  the  geometrical  significance 
of  each  variable.     The  first  three  equations  show  x,  y,  z 


as  functions  of  the  new  variables,  while  the  remaining 
three  show  the  new  linear  variables  as  functions  of  the  old 
variables.  The  first  three  equations  suggest  the  general 
formulae  of  spherical  trigonometn'.  The  observer  at  the 
origin  of  coordinates  see^  the  planet  projected  on  the  sphere 
of  the  heavens  and  the  intersection  of  the  plane  of  x 
a  great  circle  of  the  sphere.  Let  there  be  a  point  on  this 
great  circle  to  be  determined  by  the  new  differential  equa- 
tions; join  the  position  of  the  planet  with  this  point  in 
proceeding  in  a  sense  opposite  to  the  movement  of  the 
planet.  The  longitude  of  the  point  which  is  called  the 
ding  noile  of  the  planet  is  denoted  by  h,  and  the 
angular  distance  of  the  planet  from  its  node  is  u.  Let  i 
denote  the  inclination  of  the  circle  along  which  u  is  meas- 
ured to  the  great  circle  of  the  plane  of  xy;  then  -   =  cos  i 


and 


vV 


sin  i.     The  writing  of  these  functions  of 


i  is  not  adopted  in  the  formulae  for  the  reason  that  they 
are  not  the  conjugates  of  any  of  the  angular  variables. 
As  to  the  new  linear  variables,  they  are  explained  as 
follows:     h  is  the  angular  moment  of  the  rotation  of  the 
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planet  about  the  axis  of  z.  u  is  the  angular  moment  of 
the  rotation  about  an  axis  perpendicular  to  the  plane  in 
which  u  is  measured;    in  fine,  R  is  the  rate  of  motion  of 

=  dt  ' 
From  these  statements  geometrical  considerations  might 

be  adduced  to  show  th  '  ,    -   is  a  canonical  set  in 

(  r,  u,  ft  ) 


the  same  -ruse  as 


t   X.  Y.   Z   ) 


but  we  prefer  to  establish 


(  x,  y,  z 

this  point  from  analysis.  The  use  of  Jacobi's  function 
S  for  this  purpose  seems  almost  impracticable;  it  re- 
quires that  x,  y,  z,  r,  u,  ft,  should  be  exhibited  as  functions 
of  x,  T,  z,  R.  u,  h,  which  one  easily  convinces  oneself 
is  theoretically  possible,  but  the  forms  of  the  values  are 
extremely  involved.  The  equations  between  the  old  and 
new  variables  enable  us  to  eliminate  the  former  from  the 
expression  of  the  energy,  and  thus  we  have 


F  =  a[r,u,  h, 


1/    .   ,    u2 


Computation  of  -j,  and  -y-    • 
With  the  new  form  of  F  we  have 


dF 

3r 

dF        <>il        u2       x  dn       y  30, 
dr         ''/'         r3        r  d x        r  dy 

zdCl          u 

r  dz         rl 

xd"x  +  yd2y  +  zd2z        u2 
rdf                +  r" 

d(xdx  +  ydy  +  zd2z)  —  (dx2 

+  dy2  +  dz2) 

rd€- 

-*&-K*+$)  +  ? 

dn 
dt 

ace  the  values  are 

dn        dF                     dr 

dF 

dt         dr                     dt 

>>n 

+  u 


Computation  of  -  -  and  tj 


With  regard  to  h  we  have 


dn  dF  dF 

=   x  ~—    —  I) 

dy         J  dx 


dt 


The  values  of  x,  y,  z  in  the  formulae  of  transformation  show 
that 


■dx 
dh 


5T  =  -  y 


dy 
dh 


dz 

,'h 


=  0, 


thus  we  write 


da       dF  dx       dFdy       dF  dz 
dt  ==  dx  dh        dy  dh        dz  dh 

Now  consider  the  expression 

'dF'dx        dF  dj    _  dF  dz  _  dT 

■  >x  dh        dr  dh  +   3z  dh   '  h 

The  expression  for  T  in  terms  of  the  new  variables  does 

dT 

not  contain  h.     Thus  ~    =  0;    consequently  it  may  be 


dh 


du 


added  to  the  right  member  of  the  equation  for  -j-  ,  and  we 


obtain 


dH 
dt 


dF 
dh 


dh 


In  the  case  of  we  employ  the  equations 


ri[vV  -  h2  cos  ft]  =    v  dF        ^  dF 

dx 

dF 


dt 


<>z 


d  [Vu2  -  h2  sin  ft]  dF 


dt 


'^   ~Zdy-  ' 


Eliminating  d.y/v2  —  h2  from  the  equations  the  result  is 
dh  z  sin  ft      dF  _    _z_cosft  _   dF 

'  Vv2  -  h2  &y 

x  sin  ft  —  y  cos  ft   dF 


dt 


vV 


Ts  dx 


v/u2^ 


dz 


Comparing  the  coefficients  of  the  three  derivatives  of  F  in 
the  right  member  of  this  equation  with  the  values  of  x,  y, 
z  in  terms  of  r,  u,  ft,  u,  h  we  recognise  that  they  are  sever- 
ally equivalent  to  the  negatives  of  the  partial  derivatives 
of  these  quantities  with  respect  to  h.     So  that 


dh 
dt 


dFdx 

d  x  dn 


dildx 

dxd~s 
But  we  have 

dTdX 


dF  dy 
dy   3h 

,)Q  dy 
dy  dn 


dF  dz 
dz  dn. 

dO  dz 
dz  dn' 


dT  dy  dT  dZ 

+ +  

d  x  du         dydn         dz    ''ll 


0 


Consequently,   this  can  be  substracted  from  the  right 
member  of  the  preceding  equation  and  thus 

dh  0  (Q  -  D  =   _  dF 

dt  dH  dn 


dn 

_  .         .  dv       ,  du 

Computation  of  -37  and  -^7  • 


We  have 


d  (u  cos  t)  dF  dF 

dt  Xdy        V  dx 
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d  (v  sin  i  cosh)    _     'dF 

~d~r      ~  xdz 

d  (u  sin  i  sin  h)  <>F 

dt  ~  y  dz 


Whence 

dv 
~dt' 


dF 
dy 


dF' 
dx 


cosf  + 

+ 


—  y  cos  i  —  z  sin  i  cos  h 

■'F 


dF 

IT  + 
ox 


dF 
dF 

"3y 


sin  i  cos  h 

sin  i  sin  h  . 
x  cos  i  —  z  sin  i  sin  h 


<>F 

dz 

dF~ 

dx 

•  >F 
dz 

dFl 
dy  _ 

,' 


y 


+ 


x  sin  i  cos  h  +  y  sin  i  sin  h 


dF 
dz 


<ix  dF 

d  U   9  X 


Oy   dF    j      dZ   9F    _      dO 
du  dy  du  d  z  OU 


eT 
But  — —    =  0,  hence 
du 

dv 

ill 


da 


dT 

du 


■F 
<'ii 


,  du 


To  derive  the  value  of  -r  we  make  use  of  the  principle 

that  the  variation  of  F,  so  far  as  it  arises  from  the  motion 
of  the  six  variables  belonging  to  the  planet  m,  vanishes; 
therefore 


dFdr       J^djR.^ldu.^id^.^dh 
drdt      dR  dt       dudt       dvdt       dh  dt 


dFds 
9h  dt 


=  0. 


This  reduces  to 


dFdu      dFdu  _  Q 
du  dt      dv  dt 


dF 

Dividing  bv  ^—  we  obtain 

du 

du 
dt 


dF 
dv 


Gathering  together  our  equations  we  have 


dt 

dr 
dt 


dF 

dr 

dF 


da      u2 
dr         rs 


dn 


=    R 

dn 

~dt 

dh 
dt 


dv 
~dt 

du  _ 

dt  ~ 


dF 

du 

oF 
dv  ' 


da 

i  '  U 

da 

dv       r 


v 

~~2  > 


,>F 

oh 

dF 

o-B. 


dh 

da 

ou. 


As  the  term  of  a  arising  from  the  interaction  of  the  Sun 
and  the  planet  m,  viz.,  — — — ,  contains  only  the  variable 

r,  it  follows  that  -r.  ,  tt  and  -jj  are  of  the  order  of  plane- 
dt    dt  dt 


tary  masses.  Thus  it  remains  to  transform  the  system 
of  differential  equations  by  substituting  for  r  and  r  two 
new  variables  enabling  the  linear  variable  to  have  a  move- 
ment of  the  order  of  the  planetary  masses.  This  we  do  as 
follows:  It  is  well  known  that  in  the  intermediate  orbit 
defined  by  the  differential  equations 


dx    ,    px 
df  '   ~i* 


o      (/ '"  +  QL  =  0 
U  '      dt2         r3 


<Tz 
dt' 


r3 


0, 


fji  being  a  constant  at  our  disposal  (on  this  point  more  here- 
after) the  latter  are  satisfied  by  the  relations 


q(l  -e2) 
1  +  e  cos  / 


dt      yja 


Vi-> 


sin/  , 


a  and  e  being  constants,  a  is  the  semi-axis  major,  e  the 
eccentricity  and  /  the  true  anomaly.  We  propose  to  adopt 
/  as  one  of  our  new  variables,  viz.,  the  angular  one.  It 
will  be  noted  that  we  do  not  attribute  any  variability  to 
a.  which  with  us  is  an  absolute  constant.  It  is  necessary 
to  compute  the  jacobian 


d-R   d  r 
d~e   df 


9r  dr 
df   d~e 


The  computation  of  this  is  facilitated  by  removing  from 
it  the  factor  r  so  that 


9r  d  log  r 


on  d  log  r 

w 


,de      df  of      oe 

In  addition  to  this  we  note  that  it  must  have  the  factor 
V/ia  e  1 


Vl-e*  (1  +  ecos/)'2 
factors  we  read 

d  log  r 


by  the  removal  of  the  necessary 


o,  =Sin/' 


3/ 


=  cos  / 


OR 


=  cos  /  , 


df 

2  e  +  (1  +  e2)  cos  / 


Thus 


V^a  e  sin2/  +  2ecos/ +  (l  +  e2)cos2/       V^g  e 


Vl-e2  (1  +  ecos/)2 

Consequently  the  differential  equations  are 


VT 


de 
dt 


1      Vl-e2  dF 


4f 

dt 


1     VI 


e~  dp 
~d~e 


V/xd       e        df  fa  Vixa       e 

They  have  not  the  canonical  form,  but  it  is  easy  to  reduce 
them  to  it.     Write 

V  =  V^a   (l-VT^1?) 

and  we  have 

df  dF 


dr)  _    oF 


dt 


df 


dt 


.>-, 
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Our  collected  equations  are  then 


dt 

dF 

dv 
dt 

dF 

du 

dt 

dF 
dh 

df 

dF 

du 

7)F 

dh 

dF 

dt  = 

dt 

dv 

dt 

d-a 

It  is  manifest  that  the  movement  of  e  or  77  is  of  the  order 
of  planetary  masses,  although  it  is  not  immediately  ap- 
parent. Gyldex's  device  of  an  ellipse  having  a  constant 
major  axis  causes  some  difficulties  in  the  use  of  a  single 
energy  function  whose  derivatives  afford  the  accelerations 
we  need.  However,  the  device  need  not  be  thrown  aside 
on  this  account.  When  the  disturbing  planets  have 
vanishing  masses  the  energy  function  for  a  single  planet 
mes 

,    ,.         </h         -  ,    dh 

This  contains  neither  h  nor  It,  thus      -3-    =   0,    and     -5- 

=  0  ,  h  and  h  are  constants.  Moreover  u  is  absent  from 
F,  and  U  is  a  constant.  The  remaining  three  equations 
are 

r/R       dF  m    .   u2  dr  dF 


dt 


dr 


ix         V- 

d 

du             dF 
dt 

V 

"  ? 

5>E 


=    R 


Since  11  1  Iocs  not  appear  in  F,  the  last  equation  gives  its 
value  by  a  quadrature,  when  r  has  been  obtained  from  the 
integration  of  the  two  remaining  equations  involving  the 
variables  R  and  /\  We  are  lead  to  advance  the  problem 
by  the  substitution  of  variables 


R=   k  -^ 

\«  Vi 


sin/ 


In  terms  of  these  F  becomes 


F  = 


a  (1  -  e2) 
1+ecos  / 


2a(l 


2  +  2e 

cos 

/ 

-  e2sina/ 

u2 
ixa  (1  — 

e2) 

(1 

+ 

e 

cos 

/)' 

In  the  elliptic  theory  u2  =  pa  (1—  e2);    as  this  value  does 

not  contain  the  variable  /,  we  may  make  the  substitution 

before  the  partial  derivation  with  respect  to  /is  performed. 

1  u  dp  de  <>F 

Thus  F  =  0  -  and  ^y  =  0,  -=•.  =  0.    Forgetting         on 

2a  df  dt 

the  same  supposition  we  may  make  the  like  substitution, 

provided    we    apply  to    the    result    the  term  —  -         -  , 

I  v 

that  is,  in  this  case,  we  have 


dF 

~de 


dF  dv 


=  —  ix  a  e 


(1  +  ecos/)2 


dv   de  '  a2(l-e2) 

This  value  substituted  in  the  differential  equation  for  / 


gives 


df 


L    (1+ecos/)2 
"  \'a3      (l-e2)| 


We  may  put  the  derivation  of  F  with  respect  to /in  the 

form 

dF        ,x  e  sin/ 

77   =  "  -j 2   (1  +  e  cos/) 

df        a     1  — e 


ixa{\-ez) 


-  1 


In  Gyldex's  way  of  thinking  the  last  factor  is  a  quantity 
of  the  order  of  planetary  masses,  vanishing  when  they  do. 
Thus,  in  his  method,  we  must  beware  of  supposing  that, 
in  all  may  do,  when,  like 

Lagrange,  we  make,  a,  variable.  With  Gyldex.  t  is  an 
independent  element  necessary  to  make  up  the  number 
six  of  independent  elements  of  the  ellipse,  and  supplant?  a 
which  has  been  rejected  as  a  variable. 

It  is  well  to  understand  the  precise  relations  between 
Lagraxgk's  and  Gylden's  methods  of  treating  planetary 
motion.  Lagrange's  instantaneous  ellipse  and  Gyldex's 
ellipse  of  constant  major  axis  both  have  a  point  of  contact 
with  the  actual  curve  described  by  the  planet,  this  point 
being  where  the  planet,  for  the  moment,  is.  The  two 
ellipses  lie  always  in  the  same  plane,  in  this  respect  there 
is  no  difference  between  the  methods,  but  with  respect  to 
the  four  elements  of  the  ellipse  in  the  instantaneous  plane 
there  is  a  difference.  It  is  similar  to  that  prevailing  be- 
tween the  true,  eccentric  and  mean  anomalies  which  take 
the  values  0D  and  181)°  together,  but  differ  most  about  90° 
and  270°.  Thus  Gylden's  diastematic  argument  agrees 
with  Lagrange's  true  anomaly  when  the  planet  has  its 
maximum  or  minimum  radius  vector,  but  the  axis  of 
Gyldex's  ellipse  begins  to  depart  from  Lagrange's  axis 
as  the  planet  departs  from  these  points.  For  distinction 
let  us  denote  Gyldex's  protometer  by  a.  his  diastem  by 
e,  while  Lagrange's  analogous  quantities  have  the  usual 
symbols.  Then,  at  minimum  radius  vector.  a(1— e)  = 
a(l—  e),  and  the  maximum  a(1+e)  =  a(l+e);  at  these 
points  Gyldex  makes  his  e  bear  the  perturbations  which 
Lagrange  imposes  on  o.  At  intermediate  points  the 
perturbations  are  distributed  between  e  and  /. 

It  is  a  very  great  convenience  to  have  the  protometers 
constant,  especially  if  we  are  going  to  treat  the  planetary 
theories  as  we  do  the  lunar;  therefore  the  principle  ought 
to  be  received  with  favor. 

Although  Gyldex  regarded  the  protometer  I  ant 

at  our  disposal,  practical  considerations  lead  us  to  take 
for  it  the  mean  valui  le  function  of  the  radius  vector. 

It  is  well  known  that  the  mean  value-  of  -  in  the  elliptic 
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theory  is  -  .     Lagrange's  method  of  the  variation  of 

arbitrary  constants,  although  easily  interpreted  in  a  larger 
sense,  was  for  a  long  time  restricted  to  the  notion  that  the 
problem  of  three  or  more  bodies  could  be  approached  only 
from  the  known  solution  of  a  problem  of  two  bodies,  the 
Sun  and  one  of  the  planets.  This  notion  was  held  by 
Poissox  and  Leverrier.  But  it  is  very  desirable  that 
the  period  in  the  intermediate  orbit  should  be  the  same 
as  in  the  actual  orbit.  With  the  known  data  we  have  of 
the  eight  major  planets  of  the  solar  system,  it  is  quite  easy 

ceomplish  this.  The  condition  we  establish  is  then 
that  the  differential  equation  for  the  epoch  of  the  mean 
longitude  should  contain  no  constant  term. 

Using  i  for  the  sine  at  of  the  inclination,  it  is 

immaterial  which  (quantities  of  the  fourth  order  with  re- 
spect to  this  quantity  are  neglected)  and  R  for  the  ordinary 

urbative  function,   the  differential  equation   for  the 

a  of  the  mean  longitude  i-  (See  Tisserand,  Me'canique 

>te,  Tom.  I,  pp.  406,  428) 


dt 


a ), 


-  4a 


+  e 


<>e 


+  i 


dR 


A-  we  propose  to  deal  only  with  the  secular  inequalities, 
R  may  be  reduced  to  its  so-called  non-periodic  portion. 

Consequently,  for  the  term      — ,  which  is  of  the  order 

of  planetary  masses,  we  substitute  its  mean  value  in  the 

elliptic  theory,  that  is  .     Then  the  perturbative 

function  has  the  form 

a  \_ 

+  iBa"[e2  +  e'-  -  ?  -  f-  +  2m'  cos  (u  -  /)] 

-iB'-'ee'  cos  («>-«>') 

where  <"  is  the  longitude  of  the  perihelion  and  v  that  of  the 
node.  The  sign  —  denotes  summation  with  respect  to 
all  the  disturbing  planets.     The  substitution  of  this  ex- 


pression in   the  differential  equation  for  e  gives  the  result 

£a2 


ndl  ="0  +  ™-'*;   "'"     ; 


;  —  in' 


da 


3Ra>  3R(!)  i 


where  the  .1/  have  the  significations 


J/I  =  e--r 


-  2  ii'  cos  (v  —  v') 


Mi  =  e2  -  i2  +  ii'  cos  (v  -  v')  , 
Ms=ee'cos  («>— <u')  . 

Since,    according    to    our    principle,    the    perturbative 

function  is  to  contribute  nothing  to  the  mean  value  of  -r 

dt  ' 

it  follows  that,  when  mean  values  are  attributed  to  the 

i titles  Mu  M2,  MS)  the  right  member  of  the  equation 

above  should  vanish.     This  is  the  condition  determining 

/x.     Thus 

p.  =  m0  +  m  +  2  m!  [C,      ( ',  M1  +  C,  M2  +  Cs  M3 }  , 

in  putting  the  C  for  the  constant  coefficients,  functions  of 
a  and  a'.  The  mean  values  of  the  M  have  been  deter- 
mined from  the  investigation  of  Mr.  Stockwell  (Smith- 
sonian Contributions  to  Knowledge,  No.  232).  The  mean 
values  of  e'2,  ee'  cos  (<o  — <■>'),  r,  ii'  cos  (v  —  v')  are  obtained 
from  the  expressions  for  e  cos  <«,  i  cos  v.     If  we  have 

e  cos  w  or  i  cos  v  =  Ar,  cos  k,  +  A'',  cos  «■>  +  .  .  +  Ns  cos  k8  , 

then  will  the  mean  value  of  e~  or  i1  be 

e2  or  i2  =  Ni2  +  Noz+  .  .  +  Ns2  , 

and  the  mean  value  of  ee'  cos  («»— <o')  or  ii'  cos  (v  —  v')  will 

be 

ee'  cos  («  -  «0  or  «'  cos  (v  -  /)  =  iV,  N/+N.  N,'+..  +  NJf,'. 

The  results  of  this  calculation  appear  in  the  following 
table.     The  numbers  are  stated  in  units  of  the  sixth 


Mean  Values. 

Men 

32517 

16264 

M—V 

1928 

2333 

V—J 

723 

771 

M—J 

577 

714 

1056 

1057 

M—E 

869 

2020 

v—s 

552 

776 

MS 

1369 

917 

The  Earth 

931 

1582 

M—M 

450 

919 

v—u 

—576 

736 

M—U 

1986 

741 

Mars 

7357 

4845 

.1/—./ 

1057 

783 

V—N 

25 

757 

M—N 

31 

757 

Jupiter 

2111 

811 

M—S 

840 

740 

E—M 

—643 

262 

J—S 

719 

673 

Saturn 

3504 

1019 

M—U 

—1082 

714 

E—J 

669 

755 

J—U 

—1906 

757 

Urari 

2902 

1084 

M—N 

36 

756 

E—S 

673 

815 

J—N 

65 

757 

Neptune 

103 

912 

V—E 

33 

876 

E—U 

—711 

737 

s—u 

—1400 

744 

V—M 

1053 

173 

E—N 

25 

757 

S—N 
U—N 

61 
39 

753 
723 
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decimal:  the  numbers  which  arise  from  the  cross  multi- 
plication of  the  elements  of  two  planets  are  indicated  only 
by  the  initial  letters  of  the  two  planets,  the  arrangement 
will  be  understood  at  a  glance. 

Except  seven  cases  in  ee'  cos  («>— <■>')>  these  quantities 
are  positive.  The  expressions  for  the  C  are  most  conveni- 
ently put  in  terms  of  the  b '"  of  Laplace,  but  then  we  are 
compelled  to  make  two  cases  according  as  the  action  is  on 
an  inner  or  outer  planet.  For  simplicity  we  drop  the 
subscript  s  from  the  b  as  they  are  sufficiently  discriminated 
without  it.  6°  having  the  subscript  3-2  and  b(1),  &(J  the 
subscript  |.     Then 


Action  on  an  Inner 


Action  on  an  Outer 
or  =     h'uD,bm  +  bm), 


=     h(«-D,b'--2 
C,  -  '  =     TV<^ 


C3  =  /'  f«b<2); 


i(a*D.b-  -  |«&(4)), 


The  corrections  obtained  by  the  calculation  are  shown 
in  the  appended  table  in  units  of  the  ninth  decimal  of  the 
Sun's  mass;  the  portions  produced  by  the  terms  of  the 
second  order  in  reference  to  eccentricities  and  inclinations 


1. 


Sun 
Mercury 

V(  ■ 
Earth 

Jupiter 
Saturn 
aus 
Neptune 
Summary  999492 


Mercury 

95 

-282 

—106 

—3 

—202 

—  10 

0 

0 


1. 


124 

2451 

—1311 

—  23 
—1310 

—  63 

—  1 
0 


1. 


Earth 

108 
4141 
3046 

-  86 
-3543 

-  165 

-  3 

-  1 


Mars 

100 
2979 

4744 

323 

—13308 

—  601 

—  11 

3 


Jupiter 

96 

2487 

3134 

346 

954786 

-  34344 

-  478 

-  136 


Suiurn 

95 

2462 

3072 

330 

1255207 

285584 

—       3742 

917 


Uranus 

95 

2454 

3053 

325 

1011835 

355687 

43727 

-     11973 


Neptune 

95 

2452 

3049 

324 

976888 

309432 

65562 

50761 


99867 


3497 


994223 


925891 


1542091 


1405203       1408563 


in  units  of  the  same  decimal  are,  for  Mercury  — 12,  Vi 
+  1,  Earth  236,  Mars  -20,  Jupiter  -33,  Saturn  +3953, 
Uranus  +1351,  Neptune  —78. 
The  protometers  are  computed  from  the  equation 


a  = 


i 


where  /a0  and  «0  belong  to  the  Earth.     The  table  of  data, 
employed  with  the  results,  is 


m 

n. 

com.  log.  a. 

Cor.  Pert.  Func. 

Merc 

10500000 

5381016°3093 

9.58782150 

+  .000000603»i0r-' 

1 

408000 

2106641.3832 

9.85933736 

+ 

2584W0?'-1 

The  Earth 

328266 

1295977.4320 

0.00000000 

— 

451w0r~1 

Mars 

3093500 

689050.9262 

0.18289607 

— 

eioowor-1 

Jupiter 

1047.355 

109256.6152 

0.71623326 

+ 

28S95?»0r-1 

Saturn 

3501.6 

43996.0875 

0.97967814 

— 

1256507?»o'"_1 

Uranus 

22869 

15426.0928 

1.28309710 

— 

1361476»i0r-1 

Neptune 

19700 

7864.8042 

1.47814294 

— 

1357802?Hor-] 

Development  of  the  Perturbative  Function. 
This  function  may  be  considered  as  dependent  on  three 


variables,  viz,  r,  r',  —     j^f,        -  ,  of  which  the  last  is  less 


rr 


than  unity  in  absolute  value,  we  may  put  cos  ^  for  it.  Thus 
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COS   i/f 


+ 


cos  ( u  +  h)  +  sin"  jl  cos  (u  —  ft) 


cos2  =  sin  (u  +  ft.)  —  sin"  ^  sin  (m  —  ft) 


cos"  2  cos  («'  +  ft')  +  sin-  ^  cos  (m'  -  /i') 


cos2^  sin  (m'  +  ft')  -  sin2  0  sin  («'  -  ft') 


+     4  sin  ^  cos  =  sin  =  cos  ^  sin  u  sin  u 

—  —  —  — 


■D        ...      ,  ,     ,     ,,       ...         ,     0   .    i       ,  ,     „    .     i      and  neglectmg  a  quantity  of  the  sixth  order  with  respect 
Bv  writing  h  for  ft—  ft  .  putting  a  lor  2  sms  ,  q  for  2  sin  -^  ......'  .       ,  ' 

2  _'     to  inclinations,  this  equation  becomes 


cos  </r=  (1  —  ig2)  (1  —  }g'2)  cos  (m  -  u'  ~  h) 

+  i  (1  -  if}  5"  cos  («  +  u'  +  h)  +  i  (1  -  *g'2)  ^cos  -  h) 

+  *  (1  -  i3°  -  i9'2)  55'  cos  (u  -  u')  -  i  (1  -  Jg2  -  &")  gr/  cos  («  -  it') 

-  ,',,'"/-',       os        -  «'  —  h)  . 

Calling  the  excess  of  cos  ^  over  cos  (u—u'+  h),  8,  we  1 

8  =  -  i  [cf  +  q"  -  iq-q"i  cos  I  u  -  u'  +  h) 

+  1(1-  *g2)  g'2cos  («  +  u'  +  h)  +  I  (1  -  ig'2)  g'2cos  (u  +  «'-  h) 

+  i  ( 1  -  hf  -  W2)  VI  cos  (u  -  W)  -  i  (l-Jg2-  £g'2)  gg'  cos  (u  +  «') 

+  tV?"  9' ,,,v    "  _  m'  — h)  . 


Squaring  this  expression  and  omitting  a  quantity  of"  the 
sixth  order  with  respect  to  inclinations. 

82  =  tV(9*+  bq-q'"-~q'i)  +j*(qi+2qiq'*+q'i)cos(2u-2u'  +  h) 
-r-sW4  cos  (2m  +  2m'  +  2h)  +  ^g'4  cos  (2«  +  2m'  -  2h) 
+  |gV2  cos  (2u-2u')  +  j\q-q'-  cos  (2u  +  2 

-  M<f  +  9'2)  9'2  cos  (2u  +  2h)  -  A 1 592  +  9'2)  9'2  cos  2m' 

-  MT  +  5g'2)  g2  cos  2;/  -  TV  (g5  +  g'2)  g2  cos  (2m'  -  2h) 

-  I  (9s  +  9'2)  99'  cos  (2u  ~2u'+h)-H <f  +  g'2)  gg'  cos h 
+  $  (g2+2g'2)gg'cos(2M  +h)+  J(2g*  +  g") gg' cos  (2w'-h) 
+TV92g'2  cos  2h  +  igg'8  cos  (2u'+h) 

-  |gg'  cos  (2w  +  2m'+  h)  +  Jqty  cos  (2u  -  h) 

-  itfq'coa  (2w  +  2u'-h)    . 


As  cos  (m  — u'+h)  is  an  approximate  value  of  cos  ^,  let 
1  us  denote  u  —  u'-j-h  by  i/v     If  the  corresponding  approxi- 
mate value  of  the  reciprocal  of  the  distance  between  the 
planets  has  been  developed  into  a  periodic   series  so  that 

[/''2-2n-'cosf0+r]^  =  iB0  +  7?<1'cos^0+5i2,cos21/'0+.  .  .  , 

we  may  limit  the  series  at  the  twelth  multiple  of  >j/0,  for, 
although  this  would  be  quite  insufficient  to  give  a  precise 
value  of  the  left  member,  experience  has  shown  that  only 
insignificant  perturbations  result  from  higher  multiples 
of  </v  Knowing  that  the  augmentation  of  cos  ^0  is  8  we 
inquire  what  would  be  the  augmentation  of  cosw^0.  Using 
A  to  denote  an  augmentation  and  dropping  the  now  use- 
less subscript  ,„,  and  remembering  that  8s  is  to  be  ne- 
glected, we  form  the  following  table: 
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A  (cos    f)  =    2S  [  3. 1 

A  I  i -ms  LY  )  =      43  [cosi/d. 

a    cos  3<A)  =    65  [cos  2^  +  i] 

A  (cos  4i/<)  =    88  [cos  3$  -f-  cos  tp] 

A  ( cos  oiA)  =  108  [cos  4^  +  cos  2\jf  +  i] 

A  (cos  6J/)  =  128  [cos  5^  +  cos  3$  +  cos  f] 

A  (cos  7i/0  =  148  [cos  Oi^  +  cos  4^  +  cos  2^  +  i] 


+  4S2  [i] 

+  682[2cos^] 

+  8S2  [3  cos  2<A  +  |] 

+  1082[4cos3^  +  6cos<A] 

+  12S2  [5  cos  4^  +  8  cos  2<A  +  |] 

+  1482  [6  cos  5<A  +  10  cos  3^  +  12  cos  $] 


The  law  of  proceeding;  in  this  table  is  quite  evident;  we  may  set  down  the  general  formula 

A  (cos  n$)  =  2?;8  [cos  (n  —  1)  \j/  +  cos  (n  —  3)  ^  +  •  •  •] 

+  2n8=  [  (n  -  1)  cos  («  -  2)  ^  +  2  (n  -  2)  cos  (»  -  4)  ^  +  3  (»  -  3)  cos  (n  -  6)  <A  +  .  .  .]  , 


with  the  understanding  that  the  series  are  not  to  be  pro- 
longed to  include  negative  multiples  of  f,  and  that  for  the 
zero  multiple  one  must  reduce  the  coefficient  to  a  half. 
With  the  aid  of  this  table  it  is  easy  to  construct  the  terms 
which  arise  in  ft  from  the  deviation  of  the  planets  from 
the  plane  of  reference.  Thus  if  8  has  a  term  Q  cos  U,  the 
corresponding  augmentation  of  cos  5^  will  be 
5Qjcos[4M-4n'+4h±  U]+cos  [2u-2u'+2h±  U]+  cos  U\, 
where  the  ambiguous  sign  must  be  read  both  ways.  Simi- 
larly for  S2  which  we  note  has  all  its  arguments  different 
from  those  of  8.  What  especially  recommends  this  method 
of  ascertaining  the  anastematic  terms  of  fi  is  that  it  does 
away  with  the  developments  of  the  —3d,  —5th  etc.  powers 
of  the  approximate  distance  of  the  planets. 

The  term  of  ft,  which  is  outside  the  reciprocal  of  the 
distance,  involves  only  the  first  multiple  of  <l>,  and  its  devel- 
opment is  immediate.  The  arguments  of  this  develop- 
ment of  ft  are  composed  of  only  three  elementary  argu- 
ments, viz,  it,  »/,  h:  and,  since  the  linear  parameters  q,  q' 
cannot  be  introduced  by  the  substitutions  to  be  made  in 
r  and  r',  we  can  immediately  form  the  partial  derivatives 

da.     dti     <><-i  ga  _  <>n    do,       n 

of  the  corresponding  derivatives  of  ft'. 

The  changes  which  arise  in  ft  from  substitution  of 
periodic  developments  for  r  and  r'  turn  only  on  the  coeffi- 
cients B  and  the  factor  —„  of  the  term  outside  the  reciprocal 

of  the  distance  between  the  planets.     We  could  now  write 
all  the  equations  for  the  movement  of  the  longitudes  and 

latitudes  of  the  planets,  but  for  the  derivatives  ■     - 

we  must  wait  until  the  changes  in  r  and  r'  have  been  made. 


as  well  as 


The  development  of  ft  in  terms  of  the  true  anomalies  is 
readily  perceived  to  depend  on  that  of  integral  powers 
positive  and  negative  of  the  radii  in  terms  of  the  same 
anomalies.  For  the  development  of  rn  the  reader  may 
consult  Hansen,  Entivickelung  des  Products  einer  Potent 
des  Radius   Vectors,   etc.     (Trans.  Gottingen  Society  of 

Sciences,  Vol.  IV,  p.  184).      Putting  b!,"  for     -,  ^V 

n!     da 

(Laplace's  notation)  and  using  Hansen's  notation  for 
the  radius  vector  without  the  factor  a,  Taylor's  theorem 
affords  the  expression 


1=  +■   CO 

-y  - 

2  £->     a' 


hi"  +  M<: 


nr^-i 


i.     !'-,-!)    +  . 


cos  ixf/ 


The  easiest  method  of  treating  this  formula  is  by  setting 


; 

' p 

KP' 

-0-* 

i 

,: 

'  P 
KP' 

- ')'-  £■ 

-  24=  +  ~,    - 
P          P 

h 

'  P 
kP' 

-)"=£ 

-3<  + 
P            P 

1 

* 

*     * 

*        *        * 

* 

and  then  computing  ^ ,  -73 ,  -^ ,  etc,  by  means  of  the  table 


P        P  P 

I  have  given  (Math.  Works,  Vol.  IV.  p.  400).     Although 
all  these  quantities  are  of  the  zero  order  with  respect  to 
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the  eccentricities,  the  result  of  the  multiplication  by  the 
integers    obtained    from    (1  —  1)"   brings    it    about   that 

—  ( —,  —  1 J  is  a  quantity  of  the  na  order,  all  terms  of  a 

lower  order  mutually  cancelling  each  other.     In  making 
the  linear  multiplication,  we  need  not  attend  to  any  term 

n — 1 

P 


of  a  lower  order  than  the  n"'.     As 


is   used   only  for 


l(E 


1)       and  quantities  of  a  higher  order,  we  may 


set  aside  all  terms  of  the  (n  — 2)'*  and  lower  orders. 

Here  we  propose  a  new  parameter  to  be  used  together  with 
/,  r)  is  a  parameter  not  well  suited  for  expressing  the  equa- 
tions of  the  problem  as  it  compels  the  writing  of  the  radical 
Vij.  Similarly  as  we  have  employed  q  =  2  sin  .1  ,  in  this 
case,  putting  <p  for  the  angle  of  the  eccentricity  we  intend 

to  use  the  parameter  p  =  2  sin  -  .     When  the  eccentricity 

is  small,  p  differs  but  little  from  e. 

The  formula  for  p",  x  being  the  exponential  of  the  ■ 

V 


1 

ment  true  anomaly  and    /3  =  tan  =  =   =  —- 


.     IS 


P       = 


|}  _  hy!y    (1  +  PX)-   (1  +  fa-1)- 


Whence  is  derived 


^  =  (l  +  hpT  (L-  WT+1  a  -  ],/)-  (i  -  hp'T2'-' 

X  (1+jSx)-"  (1+/3.T-1)-'  (1+)8V)"+I  (1+/8V-1)""1"1- 

When  the  four  last  factors  are  multiplied  and  the  product 
put  in  the  real  form  it  will  be  readily  seen  what  terms  may 
be  omitted  in  the  writing. 

Substituting  for  f0  its  equivalent  u—u'+h  it  will  be 
noticed  that  the  general  argument  of  fi  is  iu+i'u'+i"h  + 
i"'f  +  iivf',  containing  five  elementary  arguments;  these 
will  be  increased  to  six  if  h  —  h'  is  substituted  for  h.  The 
form  of  the  coefficient  belonging  to  this  argument  is 


c  (P2,  f,  p'\  q'!)  p"" 


p'WqJq'J*   t 


where  C  (p-,  <f,  p'\  q'\)  denotes  a  power  series  of  the  four 
variables  indicated,  the  coefficients  involving  the  masses, 
protometers  and  the  variables  denoted  by  u.  The  ex- 
ponents j,  f  must  be  derived  from  the  comparison  of 
i,  i',  i". 

In  our  differential  equations  h  is  very  unsuitable  for 
expressing  F,  matters  will  be  improved  if  we  make  the 
following  modification  in  the  angular  variables  (See  Poin- 
caee,  Legons  de  Micanique  Celeste,  Tom.  I,  p.  74) 

I  =  u  +  h  ,     6  =  -  h  ,     l  =  u  ,     u  -  h  =  iuq2  , 


and  replacing  ^  by  our  parameter  p  the  differential  equa- 
tions take  the  shape 


dp 

1     1  dF 

dL 

dF        d(hLq')         dF 

dt 

V^a  P  (1!  ' 

dt 

dl  '           dt              96  ' 

df 

1     1     F 

dl 

dF          de            dF 

dt 

V'Zri  l>'," 

dt   - 

dL '           dt            d  (Lq2) 

Before  F  can  be  partially  differentiated  with  respect  to 
I,  V  .  .  6,  6'  .  .  ,  the  arguments  u,  u',  h  must  be  eliminated. 

The  preceding  investigation  has  been  given  a  shape 
suitable  for  application  to  the  major  planets  of  the  solar 
system,  where  it  will  be  noticed  that  the  motion  of  the  four 
exterior  planets  is  practically  independent  of  the  existence 
of  the  four  interior.  In  undertaking  the  task  of  elabora- 
ting a  t  henry  of  the  former,  matters  will  be  a  trifle  improv- 
ed by  adding  the  masses  of  the  four  interior  planets  to 
that  of  the  Sun,  after  which  their  existence  may  be  ignored. 
The  choice  of  a  plane  of  reference  is  not  a  matter  of  in- 
difference. The  plane  of  the  ecliptic  for  a  given  date 
ought  not  to  be  used  for  this  purpose  The  invariable 
plane  of  the  four  planets  is  indoubtedly  best.  According 
to  Mr.  Stockwell's  investigation  the  maximum  and 
minimum  values  of  the  inclination  to  the  invariable  plane, 
in  the  case  of  the  four  exterior  planets  are  as  follows: 


Maximum  .Minimum  Half  Swing 


Jupiter 
Saturn 
Uranus 
Nept 


0  28  56 

1  0  39 
1     7 
0  47 


10 
21 


I)  14  23 
0  47  16 
0  54  25 
0  33  43 


7  16 
6  41 
6  22 
6  49 


These  inclinations  are  about  two-fifths  of  the  inclinations 
referred  to  the  ecliptic.     It  will  be  perceived  that  the 


greatest  value  of  any  q  =  2  sin  -  is 


less  than  _7, .     The 
50 


fifth  power  of  this,  „      .„-.  nft„  ,  making  all  allowance  for 

possible  large  multipliers,  can  be  set  aside  as  insignificant. 
The  differential  equations  introduced  in  this  paper  have 
some  analogy  with  those  employed  by  Delaunay  in  the 
lunar  theory,  but  differ  from  them  in  that  true  anomalies 
are  present  instead  of  mean,  and  that  a  constant  proto- 
meter  is  used  in  place  of  a  variable  semi-major  axis,  which 
is  supposed  connected  with  the  radius  vector,  while  the 
true  orbit  longitude  has  its  conjugate  variable  peculiarly 
connected  with  itself  and  which  we  have  named  L.  Nearly 
all  the  methods  proposed  for  dealing  with  the  planetary 
problem  in  such  a  way  as  to  keep  the  time  inside  the  func- 
tional signs  sine  or  cosine,  are  either  Delaunay's  or 
faintly  disguised  modifications  of  it.  Before  using  any  of 
these  methods  the  possible  improvements  in  Delauxay's 
process  ought  to  be  taken  note  of.  The  fifty-seven  opera- 
tions in  Delaunay's  first  volume,  one  of  which  he  told 
Newcomb  took  a  year  to  elaborate,  exhibit  a  strange  con- 
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test  of  tying  and  untying  between  the  set  of  linear  vari- 
//.  and  the  set  a,  e,  7.  What  Delaunay 
should  have  dune  was  to  have  selected  a  se1  between  these 
two  suitable  for  use  in  the  expansion  of  power  scries  and  at 
the  same  time  deviating  so  little  from  a  canonical  set  that 
tically  all  the  advantages  of  the  latter  were  secured. 
It  must  be  borne  in  mind  that  it  is  just  as  easy  to  impose 
upon  the  different  equations  the  same  forms  for  all  the 
transformations  no  matter  how  many  there  may  lie  as  it 
to  insist  on  the  canonical  form.  This  dispenses  us  from 
the  labor  of  computing  jacobians.  Dklaunay  was 
obliged  to  find  at  the  end  generally  of  each  of  his  tit t y-se\  en 
operations  the  expressions  for  L,  G,  H  in  terms  of  a,  e,  y 


and  to  give  the  values  of  nine  jacobians.  All  this  could 
ha\  e  been  avoided  by  a  suitable  choice  of  linear  parameters 
at  the  outset.  Delaunay  also  is  to  be  criticised  because 
he  admitted  into  his  formulae  of  transformation  any  multi- 
ples of  the  determining  angle  beyond  the  first.  Any  one 
can  see  that  it  is  a  legitimate  transformation  without  them, 
and  it  is  by  no  means  necessary  that  in  a  certain  function 
the  term  should  be  completely  wiped  out  by  the  trans- 
formation but  only  that  the  coefficient  should  be  reduced 
to  a  higher  order  in  reference  to  small  quantities.  Thus 
in  copying  from  his  H  the  coefficient  of  cos  0  he  was  not 
obliged  to  take  the  whole  but  only  terms  of  the  lowest 
order  it  afforded. 


THE  SOLUTION  OF  KEPLER'S  PROBLEM, 


By  ARTHUR    A     RAMBATJT. 


In  the  Astronomical  Journal,  No.  644,  Prof.  E.  J.  Wilc- 
zyxski  publishes  a  paper  on  "A  Forgotten  Theorem  of 
Newton's  on  Planetary  Motion,  and  an  Instrumental 
Solution  of  Kepler's  Problem."  In  reference  to  this 
communication  I  should  like  to  point  out  that  the  theorem 
to  which  he  refers  is  not  so  completely  forgotten  as  he 
seems  to  imagine,  nor  yet  has  the  fact  been  altogether 
overlooked  that  it  is  in  the  first  instance  due  to  Newton, 
whilst  the  principle  of  the  instrument  described  by  him 
has  been  set  forth  by  at  least  three  independent  writers 
within  comparatively  recent  years. 

In  support  of  these  eontentions  I  would  refer  the  reader 
to  the  Monthly  Notices  of  the  R.A.S.,  Vol.  L,  p.  301,  where 
I  myself  describe  an  apparatus  in  which  a  rolling  disc  is 
employed  to  generate  a  trochoid  for  the  purpose  of  obtain- 
ing the  value  of  the  eccentric  anomaly  from  Kepler's 
equation. 

Six  years  later  the  same  method  was  arrived  at  quite 
independently  by  Mr.  H.  C.  Plummer,  now  Royal  Astro- 
nomer of  Ireland,  and  described  by  him  in  the  Monthly 
Notices,  Vol.  LVI,  p.  317. 

After  an  interval  of  five  years  from  the  appearance  of 
this  paper  the  same  device  occurred  to  Herr  B.  Gong- 
grijp,  whose  paper  on  the  subject  will  be  found  in  the 
Astronomische  Nachrichten,  No.  3720. 

Again,  in  the  Monthly  Notices,  Vol.  LXVI,  p.  519,  in 
describing  a  different  method  of  solving  the  same  problem, 
in  which  the  involute  of  a  circle  is  employed,  1  referred  to 
my  earlier  paper,  mentioned  above,  and  to  that  of  Air. 
Plummer  and  said,  "No  question  of  priority  need  arise 
tie  principle  of  the  method  is  200  years  older  than 
either  of  us.  being  contained  in  the  thirty-first  pro 
tion  of  the  first  book  of  Newton's  Principia." 


In  a  later  paper —  Monthly  Notices,  Vol.  LXVII.  p.  07. 
Mr.  Plummer  returns  to  the  subject  and  mentions  that 
"the  principle  of  the  method,  which  is  based  on  the  use 
of  a  trochoid,  is  to  be  found  in  Newton's  Principia,  book 
1,  prop.  31."  In  this  paper  he  proposes  the  use  of  flexible 
steel  bands  passing  round  the  edge  of  the  disc  to  prevent 
slipping,  as  in  Prof.  Wilczynski's  recent  design,  and  he 
introduces  a  very  important  improvement,  as  it  appears 
to  me,  by  fixing  the  center  of  the  circle  and  communicating 
a  motion  of  translation  to  the  straight  ruler.  By  this 
device  the  rolling  disc  with  its  troublesome  manipulation 
and  liability  to  error  is  eliminated. 

It  is  no  doubt  true,  as  Prof.  Wilczyxski  says,  that  by 
the  introduction  of  certain  refinements  an  instrument 
might  be  constructed  to  give  the  value  of  E  to  within  10" 
or  so.  But  I  venture  to  doubt  very  seriously  whether 
such  an  instrument  would  be  worth  the  cost  of  construc- 
tion. A  simple  means  of  obtaining  a  first  approxima- 
tion to  E  with  a  moderate  degree  of  accuracy  is  desirable 
but  where  greater  accuracy  is  desired  the  necessary  cor- 
rection of  this  first  value  can  be  very  readily  found.  Al- 
though tables  such  as  those  given  by  Baus-chtnger  in  his 
"Tafeln  zur  Theoretischen  Astronomic"  will  generally 
be  used  for  this  purpose  by  the  practical  computer  of 
orbits,  yet  the  graphical  methods  depending  on  the  tro- 
choid or  the  involute  of  a  circle  are  equally  useful  besides 
being  interesting  and  instructive  from  an  educational 
point  of  view. 

From  this  point  of  view  I  may  perhaps  be  permitted  to 
draw  attention  to  a  very  simple  device  by  means  of  which 
surprisingly  accurate  values  of  E  can  be  deduced.  This 
device  depends  on  the  use  of  the  involute  of  a  circle  and  is 
a  modification  of  the  method  desciibed  by  me  in  the  paper, 
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referred  to  above,  in  the  Monthly  Notices,  Vol.  LXVI. 
The  only  apparatus  required  for  this  excessively  simple 
method  are  two  protractors,  preferably  of  celluloid,  which 
may  be  of  any  convenient  dimensions.  The  arrange- 
ment is  illustrated  in  the  accompanying  figure. 

Let  ACD  and  BGH  represent  the  protractors,  which 
we  shall  assume  to  be  of  100mm  radius,  each  turning  round 
a  drawing  pin  at  its  center  S  or  F.  Firmly  attached  to 
the  underside  of  the  protractor  ACD  is  a  piece  of  card- 
board PQR,  cut  in  the  form  of  a  semicircle  of  50mm  radius, 
with  a  portion  of  its  involute  QR  corresponding  to  the 
point  Q,  and  placed  so  as  to  be  concentric  with  the  pro- 
tractor and  its  diameter  PQ  coincident  with  the  diameter 
CD  of  the  protractor.  Only  a  very  small  part  of  the 
involute  is  required  —  that  part,  in  fact,  which  corres- 
ponds to  an  arc  of  the  semicircle  equal  in  length  to  the 
radius.  In  the  figure  a  rather  larger  portion  is  represented, 
the  arc  QT  having  been  taken  60°  long.  With  moderate 
care  the  involute  may  easily  be  cut  sufficiently  accurately 
to  give  results  correct  to  within  one  or  two  tenths  of  a 
degree. 


Let  AB  be  any  straight  line  and  on  it  take  a  length  SS' 
equal  to  the  radius  SQ,  namely,  in  the  supposed  case,  50mm, 
and  let  it  be  divided  into  a  hundred  equal  parts.  On  SS' 
take  SF  equal  to  e.SS',  e  being  the  eccentricity.  Then 
if  the  protractor  A  CD  be  set  so  that  it  reads  the  mean 
anomaly,  m,  at  .4,  and  if  the  second  protractor  BGH  be 
turned  round  F  until  the  radius  FG  touches  the  involute 
at  V,  as  shown  in  the  figure,  it  is  easily  seen  that  at  the 
point  B  the  second  protractor  will  read  the  eccentric 
anomaly.  Let  us  denote  this  first  approximation  by  the 
letter  E\.  It  is  also  clear  that  the  length  of  the  fine  FV 
is  equal  to  SQ.  (1 — e.  cos  E).  Thus,  if  the  radius  FG  be 
suitably  divided  on  a  uniform  scale  the  value  of  the  factor, 
1—  e.  cos  E,  required  to  correct  the  value  of  E  by  means 
of  the  well  known  formula 

£-£„  = 


1  —  e.  cos  !■■„ 


can  be  at  once  read  off. 
Radcliffe  Observatory,  Oxford. 
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SUNSPOT   OBSERVATIONS, 

MADE   AT    BERWYN,   PENN.,  WITH   A    4A-INCH    REFRACTOR, 
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NOTE   CONCERNING   THE   INSTRUMENTAL  SOLUTION   OF    KEPLER'S 
PROBLEM   BY    MEANS   OF   THE   TROCHOID, 

l!v    E.  J.  WILCZTNSKI. 


It  is  the  purpose  of  this  note  to  call  attention  to  the  facl , 
unknown  to  me  when  I  wrote  the  paper  published  in  the 
Astronomical  Journal,  No.  644,  that  an  instrument  based 
on  exactly  the  same  principles  was  proposed  by  Mr.  H.  C. 
Plummer  in  1906.  Mr.  Plummer's  first  paper  on  this  sub- 
ject (Monthly  Notices,  vol.  56,  p.  317)  had,  however,  been 
preceded  by  a  paper  of  Rambant's,  (Monthly  Notices,  vol. 
50,  p.  301),  and  was  followed  by  one  by  B.  Gonggrijp 
(.4. A"..    3,720),    each    independent    of    the    others.     The 


method  described  by  Mr.  Pltjmmer  in  his  second  paper 
(Monthly  Notices,  Nov.,  1906)  is  so  very  similar  to  that 
proposed  by  myself  that  I  consider  it  my  duty  to  acknowl- 
edge his  priority  publicly.  I  hope  that  Newton's  the- 
orem will  hereafter  find  its  appropriate  place  in  treatises 
on  theoretical  astronomy,  both  on  account  of  its  beauty 
and  its  usefulness,  and  that  still  another  re-discovery  may 
prove  to  be  unnecessary. 

The  University  of  Chicago,  March  24,  1913. 


OBSERVATIONS   OF   COMETS, 


MADE  AT  GOODSELL  OBSERVATORY   BY   H.  ('.   WILSON  WITH  THE    16-INCH   EQUATORIAL  AND   FILAR   MICROMETER. 
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48.63 
59.61 
25.33 


+35 
+35 


14  11.0 
14  06.6 


+33  34  33.8 
+31  53  35.0 
+30  19  29.7 


9.582 
9.582 
9.630 
9.664 
9.623 


0.605 
0.605 
0.513 
0.603 
0.568 


+0.50 
+0.51 
+0.59 
+0.65 
+0.71 


4.4 
4.6 
5.2 
5.0 
5.2 
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Local  Mean  Time        * 

Comp. 

da 

JS                 App.  a 

App.  8 

log  i>\             Red.  to  App.  PI. 

1912                        h        in        s 

Nov.    8    7  IS  34 

8    7  IS  34 

8    7  IS  34 

14     7  38  06 

16     6  49  53 

16    6  49  53 

29     7  30  50 

Dec.     3     7  17  13 

11     6  45 

35 
36 
37 

3S 
4L 
42 
43 

45 
47 

9  ,  6 
9  .  6 
9,0 
6  .  6 
12  ,  6 
L2,6 
6.6 
6  .  6 
6  ,  6 

+  l"  34.92 
+0  48.63 
+0  42.50 
+0  11.25 
+0  40.88 
+0  14.25 
-0  19.27 
-0  00.98 
-0  06.09 

( !omet  1912  c  (Borre 

in                h       m      s 

+3  30.8     18  32  38.33 
-1  20.8     18  32  38.39 

18  32  38.28 

-1  41.9     19  03  40.17 
-1   27.0     19  11  57.00 
-0  28.6     19  11  57.00 
-1  08.6     19  52  39.76 
-5  57.3     20  01  58.28 
-2  45.9 

lly) 

+28°  44  46*.  1 
+28  44  44.7 

9.614 
9.614 

9.614 
9.597 
9.529 
9.529 
9.567 
9.566 
9.547 

0.584 
0.584 

0.678 
0.666 
0.666 
0.768 
0.780 
0.797 

+0.78  +  5.3 
+0.80  +  5.5 
+0.80  +  5.5 
+  1.09  +  6.2 
+  1.20  +  6.1 
+  1.20   +   6.1 
+  1.58   +  4.8 
+  1.66   +  4.5 
+  1.68  +  5.3 

+20  02  57.2 
+  17  32  22.7 
+  17  32  21.7 
+  4  50  05.4 
+  2  02  44.1 

The  measures  of  the  comets  from  comparison  stars  Nos.  7.  16,  24,  28,  33,  34,  38,  43,  45,  and  47  were  direct 
micrometer  measures  with  the  telescope  clamped.  The  other  measures  were  made  by  the  method  of  transits  and 
bisections  near  the  center  of  the  field. 


Mean  Places  of  Comparison- Stars. 


* 

a  1912.0 

51912.0 

Authority 

* 

ol912.0 

3 1912.0 

Authority 

1 

h       in       s 

15  20  45.24 

O             /           // 

-   5  25  53.9 

Warschau  3726 

25 

h        ni      s 

16  42  10.90 

+48  25  28.4 

Bonn  X  7420 

2 

15  21  08.17 

-   4  11  42.6 

Strassburg  5385 

26 

16  47  23.73 

+53  35  14.43 

Harvard  A.G.  5087 

3 

15  27  15.90 

-   1  45  58.3 

Algiers  Phut.  <  'at. 

27 

16  48  54.7 

+53  29  04. 

B.D.+530  1900 

4 

15  30  37.81 

+   1  57  50.1 

Schjellerup  5524 

28 

10  09  27.32 

-  3  37  08.7 

Lcrom.  comp. 
-1"     with  8 

5 

15  44  15.79 

+  9  31  05.6 

Toulouse  Phot.  Cat. 

29 

10  09  27.89 

-  3  41  11.1 

Schjellerup  3746 

6 

15  44  29.16 

+  9  31  42.9 

Toulouse  Phot.  Cat. 

30 

18  05  55.23 

+35  09  31.6 

Leiden  A.G.  6515 

7 

15.46  15.1 

+  10  36  43. 

10.5'n 

31 

18  07  19.75 

+35  09  07.6 

Leiden  A.G.  6524 

8 

15  49  17.58 

+  10  36  19.5 

Leipzig  I  5528 

32 

18  13  53.83 

+33  30  03.0 

Leiden  A.G.  6584 

9 

15  48  28.16 

+  12  31  05.6 

1  1    Hm  Microm.  comp-  with 
■11-U      star  10 

33 

18  20  02.71 

+31  54  32.0 

Oxford  31°  42669 

10 

15  49  06.20 

+  12  36  50.2 

Lalande  28932-3 

34 

18  26  26.58 

+30  16  41.6 

Oxford  30°  46030 

11 

15  53  30.20 

+  16  59  21.0 

Bordeaux  Phot.  Cat- 

35 

IS  31   02.03 

+  2S  41    10.0 

Oxford  i--1  179S9    -. '"45560 

12 

15  55  24.59 

+  17  51  29.8 

Bordeaux  Phot.  Cat. 

36 

is  31  4S.96 

+  28  46  00.0 

Oxford  2S047973,  -"'=45oTS 

13 

15  59 

+21  41 

10m. 

37 

18  31  54.98 

+28  46  06.6 

Oxford  28=  4T'JT4.  19°  4jr,74 

14 

16  01  29.91 

+23  21  25.5 

Paris  Phot.  Cat. 

38 

19  03  27.84 

+20  04  33.1 

i  run  Microm.  comp. 

iu       with  V 

15 

16  03  18.16 

+  24  39  37.9 

Paris  Phot.  Cat. 

39 

19  03  09.64 

+20  10  59.7 

i  nm  Microm.  comp. 

lu      with  N 

16 

16  03  56.66 

+25  17  38.3 

Oxford  26°  38249 

40 

19  03  35.17 

+20  17  34.7 

Armagh.,  2353 

17 

16  05  42.94 

+27  36  23.4 

Oxford  27°  34916 

41 

19  11  14.92 

+  17  33  43.6 

Bordeaux  Phot.  Cat- 

18 

16  05  46.50 

+27  33  58.9 

Oxford  27°  349 17 

42 

19  11  41.55 

+  17  32  44.2 

Bordeaux  Phot.  Cat. 

19 

16  09  12.75 

+29  35  25.5 

Oxford  30°  35828 

43 

19  52  57.17 

+  4  51  08.5 

i  i  m  Microm.  comp. 
1  x      with  No.  44 

20 

16  12  02.95 

+33  32  58.0 

Leiden  A.G.  5737 

44 

19  52  58.22 

+  4  58  37.6 

Schjellerup  7703-4 

21 

16  14  49.08 

+34  41  57.2 

Leiden  A.G.  5751 

45 

20  01  57.60 

+  2  08  36.8 

i  a  -in  Microm.  comp. 
lO.O      ,vllli  [ 

22 

16  15  08.87 

+34  44  36.3 

in  rm  Microm.  comp-  with 
AvJ.U      Star  21 

I  40 

20  03  17.15 

+  2  11   17.1 

Gottingen  5120 

23 

16  29  20.79 

+43  31  57.0 

Bonn  A.G.   10594 

47 

20  17  59.0 

-  2  24 

B.D.-2°5262 

24 

16  37  24.75 

+48  23  03.5 

I  ■  l '    •  -iso  2424.    Microm-  comp. 

with  Slar  2'* 

' 

• 
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A   GROUP  OF   STARS   OF   COMMON   MOTION  IN   THE 
H  AND    X  PEESEI  CLUSTERS. 

I!t  W.   S.  ADAMS  and  A.   VaxMAAXEX. 


Among  the  stars  placed  upon  the  observing  list  for 
radial  velocity  with  the  60-inch  reflector  were  seven  stars 
in  the  Perseus  clusters  whose  spectra  had  been  found  by 
observers  at  Potsdam  to  belong  to  division  c  of  Miss 
Maury's  classification  —  thai  is  to  be  characterized  by 
relatively  sharp  lines.  Our  first  observations  of  these 
.ved  the  interesting  fact  that  their  radial  velocities 
were  the  same  within  the  limits  of  error  of  measurement 
and  exceptionally  large  for  stars  having  B  and  .-1  type 
spectra.  Accordingly  we  added  to  the  list  the  few  remain- 
ing stars  in  these  clusters  which  are  brighter  than  7.5  in 
the  A.  G.  Catalogue.  The  results  found  are  given  in  the 
table  which  forms  the  principal  part  of  this  article. 

The  radial  velocities  were  determined  with  the  C 
grain  spectrograph,  modified  for  use  with  one  prism.  For 
stars  brighter  than  about  6.5  a  102cm.  camera  was  em- 
ployed, and  for  the  fainter  stars  one  of  46cm.  focal  length. 
The  linear  scale  of  the  photographs  with  the  latter  camera 
at  Hy  is  1mm.  =  37  Angstroms.  With  this  small  scale 
the  accidental  error  of  measurement  in  the  case  of  stars 
having  but  a  few  lines  naturally  is  rather  large.  The 
spectra  were  obtained  by  Adams  and  VanMaanen,  Miss 
Lasby  assisting  in  a  part  of  the  observations. 

In  the  accompanying  table  columns  1,  2  and  3  give  the 
numbers  of  the  stars  m  the  Bonner  D urchin listening,  the 
Preliminary  General  Catalogue  of  Boss,  and  VanMaanen's 
"Proper  Motions  of  1,418  Stars  in  and  near  the  Clusters 
h  and  x  Persei.1 

VanMaanen's  proper  motions  are  given  in  columns 
7  and  S.  and  Kapteyn's  parallaxes  in  column  91.  The 
magnitudes  are  from  the  A.G.C.  as  not  all  of  the  stars  are 
found  in  Boss's  catalogue.  Under  V  are  given  the  mean 
radial  velocities  as  derived  from  the  spectrograms,  and 
the  last  two  columns  contain  the  number  of  plates  and 
the  number  of  measures.     The  measures  are  due  to  Miss 

1  Publications  of  the  Astronomical  Laboratory  at  Groningen,  No.  10. 


Lasby,  Mi"  Ensign,  Miss  Btirwell  and  Adams.  The 
spectral  classification  in  column  11  is  by  Adams.  The 
values  of  V  which  depend  upon  but  one  plate  are  given  in 
even  kilometers.  The  component  of  the  solar  motion  in 
the  direction  of  the  Perseus  clusters  is  about  5km. 

It  is  possible  that  one  or  two  of  the  stars  in  the  list  are 
spectroscopic  binaries  with  a  small  range  in  velocity. 

It  is  seen  from  this  table  that  9  of  these  stars  have  a 
radial  velocity  of  approximately  —10km.  If  we  suppose 
to  belong  to  a  common  group  we  obtain  a  mean 
radial  velocity  of  —43.2km.  with  a  mean  error  of  1.4km. 
Two  of  the  stars  B.D.  +56°438  and  B.D.  +56°593  show 
rather  a  large  deviation  from  the  mean,  but  perhaps  no 
:•  than  might  be  expected  for  observations  on  faint 
stars  having  spectra  of  the  type  BS.  Moreover 
quite  possible  there  may  be  considerable  deviations  among 
individual  star-  due  to  internal  velocities  in  the  cluster. 
The  exclusion  of  these  two  stars  makes  little  differ 
upon  the  mean,  the  remaining  seven  stars  giving  a  value 
of  —43.1km.  with  a  mean  error  of  0.9km. 

Eight  of  these  nine  stars  appear  in  VanMaanen's  list 
and  seven  in  the  catalogue  of  Boss.  Moreover,  accurate 
meridian  observations  of  recent  years  are  available  which 
in  combination  with  early  observations  yield  good  proper 
motions  for  five  of  them.  A  summary  of  the  results 
follows : 


Mean  Error 


Xo. 
Stars 


Radial  Velocity  -43.2km. 

M."  and /."A.M.    -0".010   -0".005 
,u."  and  ix,"  (Boss)  +0".002  +0".001 
-0".010       0".000 
-  Kapteyx  0".00() 


1.4km. 
0".003  0".0O4 
0".003  0".003 
0".OO2  0".002 

0".021 


the  five  stars  observed  which  do  not  belong  to  the 
group  as  shown  by  the  radial  velocities  it  is  interesting  to 
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note    that   the    spectra    of    three,    B.D.  +57°533,   B.D. 
+56°535  and  B.D.  +56°486  are  of  type  F  or  later. 

The  other  two  stars  B.D.  +53°439  and  B.D.  +  55°598 
are  at  a  considerable  distance  from  the  mean  position  of 
the  stars  which  form  the  "roup. 


We  are  planning  i"  extend  our  observations  to  fainter 
stars  in  these  clusters  with  a  view  to  obtaining  additional 
members  of  this  group,  as  well  as  attempting  to  determine 
whether  the  radial  velocity  found  may  represent  the  actual 
velocitv  of  the  clusters. 


B.  D. 

Boss 

v.  M. 

a 

1900.0 

S  1900.0 

Mag. 

V 

Spec- 
trum 

No.  of 
Plates 

No.  of 

Measures 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1(1 

11 

12 

13 

O 

li 

m       s 

O              ! 

+53  439 

459 

1 

55  38 

+  54     0.3 

5.4 

+  12 

B„ 

1 

2 

4-57  494 

178 

2 

1  41 

+  57  56.9 

6.0 

-41.1 

A., 

6 

4 

+56  438 

488 

1563 

2 

4  31 

+  57  10.4 

6.5 

-0.02:, 

-0.025 

-0.02 

-30.3 

b; 

5 

4 

+56  470 

1247 

2 

0  47 

+56  33.8 

7.4 

-0.010 

+  0.012 

+0.02 

-40.2 

B, 

5 

4 

+  513  471 

:,i  17 

1243 

2 

9  52 

+  56  35.4 

6.7 

-0.003 

+0.004 

+  0.03 

-41.3 

B2 

5 

4 

+  57  533 

1038 

2 

in  2'.) 

+  57  33.5 

7.0 

-0.019 

+0.001 

+0.06 

-   9 

F0 

1 

1 

+57  535 

513 

1042 

2 

10  55 

+  57  26.2 

6.0 

+0.049 

+0.023 

+0.10 

+   1 

K0 

1 

2 

+56  486 

515 

1057 

2 

11     2 

+  57     3.2 

6.5 

-0.021 

+  0.006 

+0.03 

-   -.1.2 

G 

3 

:; 

519 

830 

2 

12     3 

+  56  40.4 

6.7 

-0.011 

-0.010 

-0.03 

-43.1 

B4 

4 

4 

+  50  53(1 

798 

2 

12  12 

+  56  42.4 

6.4 

-0.013 

-0.005 

+  0.00 

-44.0 

B3 

4 

4 

+56  568 

533 

358 

2 

14  51 

+56  47.1 

0.0 

-0.002 

+  0.004 

0.00 

-46.4 

Ao 

5 

4 

+55  598 

534 

2 

15  23 

+  55  23.3 

.">.."> 

-14.8 

B9p. 

3 

3 

+56  593 

535 

273 

2 

1.-,  55 

+  56  55.8 

7.0 

+0.002 

-0.002 

+  0.00 

-51.4 

B, 

3 

4 

+55  612 

544 

39 

2 

IS  12 

+  50     9.4 

6.3 

-0.015 

-0.019 

-0.12 

-44.S 

B3 

3 

3 

OBSERVATIONS   OF   THE    SATELLITES   OF    URANUS, 
WITH   CORRECTIONS   TO    THE   ELEMENTS  OF    OBEBON  AND    TITAXIA. 

MADE    IX    1911    WITH    THE   26-INCH    EQUATORIAL    OF   THE    U.S.    NAVAL    OBSERVATORY, 

By  J.  B.  EPPES. 
[Communicated  by  Captain  .).  L.  Jayne,  U.S.  Navy,  Superintendent.] 


This  work  has  been  done  with  the  assistance  of  Mr.  H. 
E.  Burton  who  made  the  first  eight  observations  of  Oberon 
and  lias  chicked  all  the  computations. 

An  observation  of  one  of  the  outer  satellites  consisted 
usually  of  eight  measures  of  each  co-ordinate  ami  was  ar- 
ranged symmetrically.  The  measures  in  position  angle 
were  made  by  bisecting  the  planet  and  satellite  with  a 
single  thread.  In  distance  the  settings  on  the  satellite 
were  made  with  a  double  thread  and  on  the  planet  with  a 
single  thread,  the  micrometer  being  turned  through  L80 
during  the  observation  to  eliminate  coincidence. 

This  plan  was  followed  this  year.  1911,  for  satellites  of 
both  Neptune  and  Uranus.  The  intention  was  to  employ 
a  prism  for  all  measures,  but  there  were  very  few  nights 
when  the  satellites  could  be  seen  well  enough  to  use  the 
prism,  and  it  was  employed  for  only  two  observations. 

Comparing  the  probable  errors  obtained  at  this  appari- 
tion with  those  of  the  three  years  previous  it  may  be  seen 
that  the  error  in  distance  is  relatively  larger  with  the 
double    thread.     See    Astronomical    Journal,    No.    627. 


However,  since  the  probable  error  of  an  observation  is 
less  and  the  observers  different,  no  definite  statement  as 
to  the  value  of  the  double  thread  can  be  made.  The  in- 
terval between  these  threads  was  6"  and  personally  I  would 
have  preferred  a  lesser  one,  perhaps  4". 

Coincidence  with  the  micrometer  screw  vertical  was 
taken  on  several  occasions  and  in  no  case  did  the  difference 
between  head  up  and  head  down  exceed  0".04  during  the 
time  when  these  observations  were  being  made. 

Positions  of  the  satellites  and  the  differential  coefficients 
were  computed  from  the  data  of  the  Connaissance  des 
Temps, 

Arid  and  Umbriel  were  compared  with  the  outer  satel- 
lites, a  strip  of  black  paper  pasted  to  the  eyepiece  being 
placed  over  the  planet.  The  observations  were  similar 
to  those  of  Oberon  and  Titania.  The  double  thread  was 
used  on  the  faint  satellite.  The  relative  positions  of  the 
inner  satellites  compared  with  the  outer  have  been  com- 
puted from  the  Connaissance  des  Temps  for  the  times  of 
position-angles  and  are  given  below. 
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Observations  of  Oberon  and  Titania. 


Date 

Paris  M.T. 

Obs.  p 

dp 

s  sin  dp 

Wt. 

V 

Obs.  s 

ds 

Wt, 

V 

Qberoi 

. 

1911 

h        in       s 

O           ' 

O            ' 

n 

a 

" 

If 

It 

June    9 

17   14  24 

14     1.3 

-0  14.4 

-0.175 

1 

+  0.343 

41.04 

+  0.74 

+  0.685 

18 

17  20  35 

255  31.4 

-0  20.0 

-0.186 

0.5 

+  0.0S4 

31.65 

+0.39 

+0.234 

21 

16  48  18 

345  30.7 

-1  21.3 

-0.983 

1 

-0.425 

41.11 

+0.46 

+  0.507 

27 

16  49  20 

148  51.5 

-1     6.7 

-0.747 

1 

-0.210 

39.03 

-0.53 

-0.344 

29 

15  58     6 

189  11.8 

-0     5.2 

-0.065 

1 

+0.238 

43.25 

-0.50 

-0.400 

30 

15  40  59 

210  42.7 

-0  17.5 

-0.2(H) 

1 

+  0.02S 

30.52 

-0.17 

-0.186 

July     5 

16  24  16 

355  22.4 

-0  21.1 

-0.264 

1 

+0.288 

42.72 

+  0.25 

+  0.280 

24 

14  16  26 

147  45.3 

-0  55.0 

-0.618 

1 

-0.074 

39.21 

-0.61 

-0.430 

27 

15  30  11 

214     2.0 

-1   16.9 

-0.880 

0.5 

-0.460 

38.83 

+  0.53 

+  0.511 

30 

13  47  13 

306  47.0 

-0  54.5 

-0.554 

1 

-0.044 

34.87 

+  0.10 

+0.047 

31 

14  44     1 

334  24.1) 

-0  35.3 

-0.411) 

1 

+  0.155 

39.85 

+  0.11 

+  0.143 

Aug.  16 

12  19  11 

26  10.3 

-0  34.1 

-0.404 

1 

+  0.128 

40.71 

-0.02 

-0.108 

18 

12  52     1 

84  17.9 

-0  14.6 

-0.139 

0.5 

+0.340 

33.51 

-0.73 

0.5 

-0.569 

21 

12  4::   is 

170  19.1 

-0  30.0 

-0.368 

1 

+0.055 

41.86 

+  0.32 

+0.404 

22 

12     4  56 

190  26.8 

-0  38.1 

-0.472 

1 

-0.162 

42.71 

-0.10 

+  0.006 

Sept.  11 

11     6  44 

6  13.8 

-1     1.3 

-0.755 

1 

-0.211 

43.13 

-0.81 

-0.810 

12 

10  a.".  36 

27   16.7 

-0  50.5 

-0.589 

1 

-0.060 

40.31 

-0.21 

-0.204 

Titania. 

June     1 

17  51  24 

1   14.3 

-1     1.5 

-0.568 

1 

+  0.112 

31.82 

-0.09 

1 

+0.180 

9 

17  52     5 

339    4.6 

-1     1.8 

-0.540 

0.5 

+  0.197 

30.85 

-0.83 

0.5 

-0.270 

18 

16  36  17 

347  17.3 

-1   15.3 

-0.682 

+  0.089 

31.90 

-0.71 

-0.306 

27 

Hi     3  35 

355  50.6 

-1   14.7 

-0.695 

+  0.031 

32.71 

-0.72 

-0.384 

28 

L5  29   is 

27  25.3 

-1   53.3 

-0.991 

-0.333 

30.09 

-0.03 

-0.000 

29 

16  40  59 

73     0.2 

-1  44.0 

-0.744 

+0.053 

23.97 

+  0.43 

+0.389 

30 

16  51  51 

127  43.7 

-2   19.9 

-1.046 

-0.200 

25.98 

-0.27 

+0.013 

July     5 

15     6  •  5 

330  59.3 

-1   17.8 

-0.659 

+0.233 

29.72 

-0.59 

-0.129 

18 

15  36  42 

149  11.8 

-0  57. S 

-0.4ss 

+  0.204 

28.77 

+  0.23 

+  0.572 

24 

15  11  47 

23  45.2 

-2    0.9 

-1.086 

-0.410 

30.66 

+  0.22 

+  0.291 

30 

14  28  53 

277    11.2 

-1  38.5 

-0.696 

+0.389 

23.89 

+  0.39 

+  0.494 

Aug.  18 

12  15  52 

344  12.8 

-1  56.9 

-1.046 

-0.225 

31.55 

-0.78 

-0.361 

21 

13  11  18 

107     3.8 

-1  38.8 

-0.708 

+0.146 

24.99 

-0.36 

-0.208 

22 

12  35  50 

152     0.8 

-1  55.3 

-0.977 

-0.1  OS 

29.34 

-0.21 

+  0.118 

Sept.  11 

12  15  42 

24.")  47.3 

-2  30.6 

-1.118 

-0.162 

25.64 

-0.10 

-0.215 

13 

12  24  45 

339  47.3 

-1  21.1 

-0.704 

+0.137 

30.37 

-0.52 

-0.101 

Observations  of  Ariel 

and  Umbriel. 

Date 

Paris  M.T. 

Obs.  p. 

Comp.  p. 

Paris  M.T. 

Obs.  5. 

Comp.  s. 

Com  p. 

Ariel-Titania. 

1911 

Sept.  13 

h       m       s 

11  43  54 

325°  50.6 

O            1                                          li          in          s 

324  43.4               11  45   14 
.1  riel-Oberon. 

17.32 

16."96 

6,  6 

July   31 

13  21     2 

343  43.5 

342  21.5        |       13  22     9 

Umbriel-Titania. 

52.14 

51.27 

6,6 

July    19 
25 
27 

14  34  36 
14  44  37 
13  48  39 

161  39.8 
114  29.7 
132  57.5 

160  55.0 
108  38.9 
129  26.5 

14  40  49 
14  45  12 
13  51  39 

13.63 
23.64 
12.76 

14.38 
23.51 
12.91 

4  ,4 
4,6 
6,8 
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Date 

Paris  M.T. 

Obs.  p 

Comp.  p 

Paris  M.T. 

Obs.  s 

Comp.  s 

Comp 

1911 

July   27 
31 

Ana-.  21 
Sept.  13 

li      in      a 

14  33  51 
14    0  30 
12    0  52 
10  59  59 

237~  14.2 

337  36.6 

162  13.3 

85  52.6 

Umbriel-Oberon. 

o        '                               h       in       s 

237  48.8      .       14  34  43 

336  46.3              13  59  25 

161  52.3              12     1  22 

83  11.1              11     2  27 

25.99 

58.49 
23.40 
24.75 

26".37 

58.63 
23.02 

25.34 

6,6 
6,7 

8,8 
S.9 

The  observation-times  have  been  corrected  for  aberra- 
tion-time, and  the  observed  distances  of  Oberon  and 
Titania  have  been  reduced  to  the  times  of  position  angles. 
The  residuals  wen-  found  by  substituting  in  the  weighted 
equations.  All  of  the  coefficients  in  the  observation  equa- 
tions were  divided  by  the  antilogarithm  of  0.5.  The  ob- 
servation equations  are  taken  in  the  sense  computed  minus 
observed. 


Tor  Oberon  and  Titanic  respectively  the  following  as- 
slimed  elements  are  taken  from  the  Connaissance  des  Temps, 
for  July  25.0  and  July  21.5,  Paris  mean  time,  corrected 
for  aberration  time: 

Oberon  Tilth 

u  253°. Old  2°.080 


A" 

/ 

a 


166°.216 

75°.258 
42".  15 


166°.216 

75°.2^s 

31".46 


[0.5   sin  du 
[0.5]  sin  dN 
[0.5]  sin  dl 
[0.5]  2e  sin  Q 
[0.5]  2e  cos  Q 

[0.5 

a 


[0.5]  sin  du 
[0.5]  sin  dN 
[0.5]  sin  dl 
[0.5]  2e  sin  Q 
[0  5]  2e  cos  Q 

[0.5]  ^ 


Normal  Equation-. 
Oberon. 


[0.5]  sin  da    [0.5]  sin  <W 

+  1975.10     +733.09 

+  054.97 


[0.5]sin<//      [0.5]  2e  sin  Q     [0.5]  2c  o  [0.5] 


\nn]  =  7.666 


[0.5]  sin  du     [0.5]  sin  dh 
+  1201.64 


+  315.57 
+332.29 


+  972.07 
+365.50 
+865.84 


-  34.38 
+  14.75 
+  39.46 
+  1302.39 


Titania. 

[0.5]  sin  dl    [0.5]2esinQ 

+448.62     +  174.53 

+  52.22     +  70.51 

+435.06     +  64.78 

+  S23.64 


+   141.41 

+     24.00 
+     96.73 

-      35.07 
+  132!). 70 


[0.5]2ecosQ 


+ 
+ 
+ 

+ 


270.68 

154.00 

249.05 
186.47 
697.63 


8.51 
+  441.19 

-  115.50 

-  60.08 

-  30.72 


-81.842 
-27.414 
-  15.187 
-13.599 

- 14.982 


+2625.56     -  5.125 


[0.5]  * 
a 

07.07 

320.30 

201.72 

264.31 

100.20 


+ 

+  1279.31 


-115.220 

-  32.911 

-  39.882 

-  1.150 

-  31.039 

-  34.517 


13.975 


sin  i 
sin  dN 
sin  dl 

n  Q 
■li  cos  Q 
tin 


+0.01282  ±0.00312 
-0.00459  ±0.00150 
+0.00386  ±0.00410 
+0.00371  ±0.00222 
+  0.00214  ±0.00220 

+0.00171  ±0.00175 


Results. 

Oberon. 

du     =  +  0°.735  ±0°.179 

dN    =   -   0°.263  ±0°.20l 

dl     =  +  0°.221  ±0°.235 

Q       =      60°.06 

e        =      0.002 1  1 

da 


+0".072  ±0".O71 
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sdp 
ds 


Sum  of  squares 
of  Residuals 

0.944 
2.9(32 


No.  of 
Equations 

17 
17 


p.e.  one 
Weighted  Equation 

±0".198 

±0".35() 


sdp 


3.906 


34 


=  0".252 


T  ita  it  in. 


sin  du 

=  +0.03103  ±0.00278 

du 

=  +1°.778  ±0°.159 

sin  dN 

=  -0.00442  ±0.00515 

dN 

=  -0°.253  ±0°.295 

sin  dl 

=  +0.00057  ±0.00473 

dl 

=  +0°.033  ±0°.271 

2e  sin  Q 

=  -0.00347  ±0.00258 

0 

=  285°.02 

2e  cos  Q 

=  +0.00093  ±0.00306 

e 

0.00180 

da 
a 

=  +0.00661  ±0.00239 

da 

=  +0".20S  ±0".07i 

Sum  of  squares 

No.  of 

p.e.  one 

of  Residuals 

Equations 

\\  eighted  Equation 

sdp 

0.842 

16 

±0".196 

ds 

1.413 

16 

±0".254 

sdp  —  ds 


2.255 


32 


±0".199 


The  resulting  elements  are  as  follows  for  corrected  Paris  Mean  Time: 

Obercm,  1911,  July  25.0.  Titania,  1911,  July  21.5. 

u  =      3°.858 

N  -  L65°.963 

/  =    75°. 291 

Q  =  285°. 02 

e  =        0.00180 

a  =    31". 67 


It 

=  254°.34o 

N 

=  165°.953 

I 

=    75°.479 

Q 

=    60°.06 

e 

=      0.00214 

a 

=     42".  22 

MAXIMA  AXD   MINIMA  OF  VARIABLE    STARS, 

By  CAROLINE  E.  FURNESS. 


In  the  course  of  preparing  for  publication  the  observa- 
tions of  Variable  Stars  made  at  the  Vassar  College  Obser- 
vatory, determinations  of  the  maxima  and  minima  have 
been  made.     Many  of  these  have  already  appeared  in 


various  numbers  of  the  Astronomical  Journal  and  Astro- 
nomische  Nachrichten,  but  others  have  never  been  pub- 
lished. As  the  publication  will  not  appear  for  some  time 
it  seems  desirable  to  give  these  latter  results  in  advance. 


Star 


R  Andromedae 
T  A  ndromedae 
V  Andrortii 
RU  Androi 
RY  Andromedae 
T  Aquarii 
X  Aquarii 
S  Aquilae 
R  Ariel  is 


Maxima  and  Minima  of  Long  Period  Variables. 


Dates  Included 


1901 
1904 
1909 
1909 
1910 
19(17 
1910 
1911 
1901 
1902 
1903 


Oct.    L9- 
Dec.     9- 

Oct.  12- 
Oct.  12- 
Feb.  7- 
5- 
Oct.  29- 
Oct.  12- 
Nov.  2- 
Oct.  21- 
Sept.  16- 


-1902 
-1905 
-1910 
-1910 
-1910 
-1907 
-1911 
-1911 
-1902 
-1903 
-1904 


No. 

Obs. 

Feb. 

10 

22 

Feb. 

24 

9 

Apr. 

1 

8 

Feb. 

12 

6 

Apr. 

10 

4 

Oct. 

31 

3 

Jan. 

17 

4 

Dec. 

20 

6 

Feb. 

4 

12 

Feb. 

6 

8 

Jan. 

15 

6 

Maximum 


Mg. 


Minimum 


Mg.       Observer 


1901  Dec. 
1905  Jan. 

15 

Hi 

6.3 

8.6 

9.9 

8.2 

8^3 
8.4 
8.1 

1909  Nov. 

23 

1910  Dee. 

10 

1901  Dec. 

1902  Dec. 

1903  Dec. 

3 

10 
4 

U.l 

lOA 
13.1 

11.5 

1909  Dec. 

1910  Mar. 
1907  Oct, 

20 

19 

15 

1911    <Jrt. 

23 

\V,  Wn. 
W,  Wi. 

\V. 
W,   F. 

W. 

W,  Wn. 
W. 

w. 
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Star 


Dates  Included 


No. 
Obs. 


Maximum 


Mg. 


Minimum 


Mg. 


Observer 


R  R  Aurigae 
v  s  .  I  urigae 
S  Bootis 


RT  Bootis 
TV  Camel 


leiae 

T  ( 'assiopeiae 

mopeiae 

RR  C assiopeiae 


S  Cephei 
R  Cijgni 
X  (  ygni 
RTCygni 
SS  Cygni 


TV  'ygni 
R  Draconis 

T  Draconis 
RS  Draconis 


RY  Draconis 


V  (,, 

R  Herculis 

S  Her  cub* 
It"  H(  c 


S  Lacertae 
R  Leonis 

Y  Monocerotis 

R  Pegasi 
S  Pegasi 

V  Pegasi 


L905  Nov. 

1909  Dec. 

1910  Jan. 

1908  Apr. 
L902  May 

1911  Apr. 
Hill  Oct. 

1909  Alar. 

1905  Sept. 
1909  Oct. 

1909  Feb. 

1910  Feb. 

1910  Oct. 

1911  Oct. 
L905  Jan. 
1908  Nov. 

1908  Nov. 

1910  Feb. 

1911  Jan. 
1911  Oct. 

1909  Apr. 

1910  Feb. 
1904  Oct. 

1911  Oct. 
1904  Nov. 
1907  Oct. 
L907  June 
1907  Aug. 

1903  Nov. 

1904  Oct. 

1906  Oct. 

1906  Nov. 

L907  Aug. 


1907 
1907 


Oct. 
Dec. 


1909  Julv 

1909  Oct. 
1907  Oct. 
1906  Apr. 

1905  Sept. 

1906  Jan. 
L906  Nov. 
1911  Apr. 

1911  Oct. 

1910  Dec. 
1910  Apr. 
1906  May 
1909  May 
1906  Apr. 
1909  May 

1909  Aug. 

1905  Jan. 

1912  Mar. 

1910  Feb. 
Hill  Jan. 

1906  Auk. 
1910 

1911  Nov. 

1911  Nov. 

1912  Oct. 


21— 

8 

19 

24— 
16— 
18 
13 

23— 
25— 
16— 
18 

1 
21 
16 

18— 
23— 
13— 

4— 
10— 
16— 
16— 
12— 
15— 
25 
21 

2 

8— 
26 

10— 
27 

16— 
29- 
13- 
12- 

5- 
22- 
16- 

5- 
24- 
23- 
27 

1- 
18- 
13- 

2- 

1- 
21- 
24- 
25- 
12- 
21- 
14- 
13- 
12- 
28- 
17- 

8- 

7- 
10- 

2- 


1906 
1910 
1910 
1908 
1902 
1911 
1912 
1909 
1905 
1910 
1909 
1910 
1911 
1912 
L905 
1909 
1909 
1910 
1911 
1912 
P.  ii  10 
1910 
1904 
1912 
1905 
1907 
1907 
1907 
1903 
1904 
1906 
1906 
1907 
P.  M 17 
19(17 
1909 
1910 
1907 
1906 
1905 
1906 
1907 
1911 
HU2 
1911 
1910 
1906 
1909 
1906 
1909 
1909 
1905 
1912 
1910 
1911 
1906 
1911 
1912 
HI  12 
1912 


Jan. 

Mar. 

Mar. 

May 

Julv 

May 

Apr. 

Sept. 

Nov. 

Jan. 

Sept. 

Apr. 

Apr. 

Feb. 

Apr. 

Feb. 

Mar. 

Apr. 

May 

Apr. 

Nov. 

Apr. 

Dec. 

Jan. 

Jan. 

\o\  . 

Aug. 

Dec. 

Nov. 

Nov. 

Nov. 

Dec. 

Aug. 

Oct. 

Dec. 

Aug. 

Jan. 

Dec. 

Oct. 

Dec. 

May 

Jan. 

May 

Feb. 

Feb. 

May 

Sept. 

Nov. 

June  27 


9 
15 
26 
10 
23 
30 
11 
18 
18 
10 
is 
30 
26 

8 
15 
22 

5 

2 

26 

10 
29 
30 
21 
19 
23 
12 
10 

7 
25 
11 

2 

7 
22 
31 
24 
14 

8 
12 
16 

7 

19 
22 
26 
12 
23 
18 

3 
15 


Aug. 

lVr. 

Feb. 

June 

May 

May 

Nov. 

Feb. 

Feb. 

Jan. 

D.-c 


7 

6 
24 
13 

7 
25 

5 
16 

8 
24 
16 


4  1906 
1910 
1910 

1908 
1902 
1911 


6   1912 

11 


4 

4 
10 
5 
9 
5 
4 
6 
6 
4 
7 
4 
7 
4 
11 
7 
11 
4 
3 
6 
7 
7 
5 
5 
7 

4 


4 
. 

7 
9 
4 
4 
5 
5 
in 


Jan. 

Jan. 

Feb. 

May 

June 

Apr. 


15 
5 

2 

7 

26 


1905 
1909 


Jan.   2 

Nov.'  1 
Nov.  12 


1905  Feb.  24 

1908  Dec.  24 

1909  Jan.  13 

1910  Feb.  17 


1909  June  22 


1904 
1911 
1904 


Dec.  20 
Nov.  24 
Dec.  17 


1907  June  14 


1903 
1904 
1906 
L906 
P.  H 17 
1907 
1907 

9   1909 

4   1909 

1 

8 

5 

6 

3 

4 

3 

3 

5 

4 
10 


Nov.  19 
Oct.  30 
Oct.  25 
Dec.  3 
Aug.  16 
Oct.  24 
Dec.  11 
Au»'.  4 
Nov.  11 


1906 
1905 


July  26 
Nov.  7 


1911 
1911 


Apr.  30 

Nov.  19 


1910 
1906 
1909 
3  1906 
7  1909 
7  .... 
1905 
1912 
1910 


Apr.  30 
Julv  10 
Aug.  25 
May  11 
June  8 


Feb.  11 
May  12 

Apr.  1 


1906 
1911 
1912 
1911 
1912 


Sept.  14 
Feb.  7 
Jan.  2 
Dec.  24 

Nov.  2 


8.4 
6.9 
9.2 

11.0 
8.0 

8.6 
8.8 

10.0 
10.0 


8.4 

8.0 

8.4 

11.1 


8.2 

7.5 
6.1 
4.2 

I  i.7 

SI, 

8.6 
8.7 
8.8 
8.2 
8.5 
8.8 
8.2 
9.8 

9.1 
9.4 


9.0 
9.1 

7.9 
9.3 
7.9 
8.5 
8.4 

- 

5.8 

9.2 

7.1 
7.6 
S.2 
8.4 
8.4  I 


1909  June  30 


1909  June  17 

1910  Alar.  29 

1911  Jan.  25 

1911  Nov.  20 


1911  Alar.  11 

1912  Jan.  20 

1910  Alar.  4 


1907  Oct.  29 
1907  Sept.  23 


1907  Oct.  31 


1906  Alar.  10 
1906  Dec  26 


1909  Oct,  30 


1911  Alar.  22 


13.4 


14.6 
14.4 
14.4 
14.4 


13.7 
13.5 

ibis 


12.7 
12.1 


12.3 


L0.8 
11.2 


1911  Feb.   5   13.6 


13.6 


W. 


W. 

F. 

W. 

YV. 

W. 

F. 

F. 

F. 

W. 

F. 

F. 

F. 

F. 

F. 

W. 

R. 

YV. 

W ,  F. 

F. 

F. 

YV. 

YV.  F. 

YV,  YVi. 

S. 

W.  Wi. 

W. 

YV. 

W. 

YV. 

W. 

YV. 

\Y. 

\Y. 

YV. 

YV. 

W. 

w. 

YV. 

W. 

YV. 

YV. 

YV. 

F. 

F. 

F. 

F. 

YV. 

W  ,  F. 

YV. 

W. 

F. 

\Y. 

s. 

F. 

F. 

YV. 

1". 

S. 

F. 

F  .  Wh. 


N° 
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Star 


Dates  Included 


No. 
Obs. 

Jan 

7 

6 

Jan. 

28 

5 

Jan. 

24 

6 

Feb. 

13 

9 

Dec. 

16 

7 

Jan. 

i 

7 

Dec. 

21 

Apr. 
Dec. 

13 

8 

4 
5 

Feb. 

29 

5 

Apr. 
Feb. 

22 
6 

6 

Jan. 

9 

4 

Feb. 

21 

6 

Apr. 
Mav 

2 

11 

s 

Aug:. 

7 

6 

Apr. 
Jan. 

2 
10 

6 

it 

Apr. 
May 

18 
25 

5 

4 

Mar. 

13 

6 

June 

1 

4 

Feb. 

- 

5 

Dec. 

12 

■". 

July 
May 

25 
22 

5 
5 

June 

13 

'> 

June 

27 

6 
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Observers:     W,  Prof.  Mary  W.  Whitney:   F,   Caroline  E.  Ftjrness 
S,   Psyche  R.  Sutton;   R,  Martha  Renner;   Wh,  Jessamine  White. 

Vasser  College  Observatory.  March  14,   1913. 


Wi.    Ida  Whiteside;   Wn,    Ida  Watson; 


OBSERVATIONS   OF   THE    COMPANIONS   OF    SIBIUS   AND   PBOGTON 

(B.  G.  C.  3596  axd  4187). 


By   E.   E.   BARNARD. 


The  Companion  of  <S 


The  conditions  have  seldom  been  good  for  observing 
such  objects  as  the  companion  of  Sirius,  and  especially 
the  close  companion  of  Procyon.     The  great  brightness  of 


the  principal  star  in  each  case  produces,  when  the  air  is 
not  perfectly  steady,  a  whiteness  of  the  sky  from  the 
blurring  of  its  light,  in  which  the  small  star  is  readily  lost. 
In  the  present  observations  of  Sirius  it  has  seldom  been 
necessary  to  use  the  hexagonal  diaphragm  (A.N.,  4345 
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though  the  satellite  is  always  better  seen  with  it.  Under 
good  conditions  the  small  star  is  quite  a  bright  and  con- 
spicuous object.  A  little  disturbance  in  the  air,  however, 
makes  it  taint  or  invisible. 


Remarks 

Seeing  only  fair.     Faint. 

Poorly  seen,  but  obser- 
vation good. 
Seeing  poor. 
Seeing  too  bad  for 

distances. 
Excessively  difficult. 
Very  f'nt.  Very  bad  see'g 

Faint .  Seen  only  once  in 

a  while. 

Seeing  poor.      Not  well 

seen,  but  measures  fair. 

Faint.     Seeing  poor. 
Bright  and  easy.  9th  m. 
Seeing  good  to  poor. 
Seeing  very  poor. 

Seeing  poor. 

Easy.     Seeing  good. 


Date 

P.A. 

Dist. 

1912.SS0  Nov 

17 

83.86 

1(1.02 

.938  Dec. 

S 

82.38 

9.90 

.973 
.976 

21 
22 

84.06 

84.43 

10.24 

.992 
.999 

2S 
31 

S2.99 
S3.sH 

9.68 

10.26 

1913.050     Jan 

.18 

79.75 

9.95 

.077 

28 

83.02 

9.99 

.088  Feb. 

.096 

.107 

.110 

.116 

1 
4 
8 
9 
11 

80.79 
83.32 
S1.2S 
81.29 
82.69 

9.50 
10.17 
9.97 
9.90 
9.96 

.173  Mar. 
.187 

4 
9 

80.65 
80.69 

KbOl 
9.90 

1913.051 


S2.34       9.9(5 


Si  haeberle's  Companion  of  Procyon. 

iaeberle's  comparion  of  Procyon  is  a  far  more  diffi- 
cult object  than  the  companion  of  Sirius.*  It  requires  the 
best  conditions  to  even  see  it.  At  the  present  measures. 
though  difficult  to  observe,  it  seemed  to  be  brighter  than 
for  some  years  past.  The  hexagonal  diaphragm  has  been 
a  great  help  in"  its  observation,  and  has  been  invariably 


used.  The  companion  is  now  perhaps  slowly  closing  in  on 
the  bright  star,  as  indicated  by  the  measures.  If  this  is 
true,  observations  of  it  will  become  more  difficult  and  per- 
haps impossible  later,  until  it  is  again  favorably  placed  in 
its  orbit.  The  angular  motion  of  the  small  star  seems  to 
be  increasing  somewhat  and  is  now  between  5°  and  6°  a 
year. 

Measures  of  Schaeberle's  Companion. 
Date  P.A.        Dist.  Remarks 

1913.107  Feb.     8    41.70      5.13  14  mag.  Excessively 

difficult, 


.187  Mar.    9     44.12 
.192  11     41.87 


5.07  13  mag.  Fairly  well  seen. 
5.06  Very  difficult. 

Seeing  poor. 


1913.162 


42.56      5.09 


The  following  measures  of  the  old  companion  have  also 
been  made. 

1912.992  Dec.  28       354.92     70.62  Seeing  fair. 

0.26 


1913.173  Mar.    4 
.192  11 


355.54 
355.13 


ro.09 


1913.119 


355.20     70.32 


The  small  star  between  Procyon  and  the  old  companion 
(A. J.,  638)  was  seen  several  times.  Only  one  measure 
was  made,  however.  As  in  previous  measures  the  small 
star  was  referred  to  the  old  companion. 

1912.992  Dec.  28  156.08     37.35  15  magnitude. 

Yerkes  Observatory,  Williams  Bay.  Wisconsin,  1913  March  24. 
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